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WORL> GEAVITI MEASUREMENTS
1552 = 1554

by
G.P. Woollard, W.A. Black, W.E. Bonini
PREFACE

This report is the most recent of a saries covering gravily
observations carried out cn & giobal basis by ths Wooda Hole
Oceanographic Institutior under contract Hé onr—277C4(NR-081-091)
with the 0rffice of Nawval Research of the U.S. favy. To date the

following reports and publications have been released in connsction
with this investigation.

*ocds Hole Coeanographic Institution Memarandum, Beport on

Disld Tests on Special Werden Gruvity Mater, Aug. :'-6:- 191189
%¥oods Hole Oceancgraphic Institution Technical Report 49-33,

World Wide Gravity Measurements with a Gravity Meter, July 15,
1949,

The Gravity Meter as a Geodetic Imnstrument, Woollard, G.P.
Geophysics, Vol. 15, No. 1, pp. 1=29, 1950. This pudblication
includes all the results given in the preceeiing references.

*§oods Hole Oceanographic Institution Teshnical Report 52=59,
Vorld Wide Gravity Obeesvationz coaducted during the period
June 1949 -~ Jamuary 1552.

Woods Hole Oceanographic Institution Technical Repurt 5366,
Status of World ¥ide Graviiy Measurements, August, 1553.

% fThese reports are now ocut of print

A companior remort to the above series covering pendulum and
gravity meter work done undsr the auspices of the Cambridge Research
Oenter of the U.S. Air Force is Woods Hole Cceanographic Institution
Technical Report 5336, A Study of Methods for Measuring large
Changes in OGravity on an Inter-continental Basise. This report,
based upon gravity studies made between Mexico and Alaska, deals
with the problem of standardization of gravity values and errors
of measurement. It also includes results for an extended series
of messurements in Mexico, *tkLe United States, Canada end Mexico.



ABSTRACT

The rasults of gravimster obeervations carried out during ths
period Jamuary, 1352 - May, 1554 are precented. Gravity values and
deseriptions of naw o'b ervation sites are reporied for Socuth and
Oentral America, the Canadian Arctic and Burope. Comperative values.
as obtained by other investigators are given for points of common
measurement. UCorrected values are given for earlier ocbservations |
made under this program in Central and South Americe where tl:e later
more complete studles indicate changes are in order because ¢t dit=-
ferences in calibration standard used or tares not detected irn the

orlginanl work. Resulis for approximately 2000 observations are
included.

INTRODUCTION

Gensral Statement or Arevity Broivam

This report covers the most recent cf a series of gravity
cbzervationg that have been carriad out on a world wids basis
since 1948 with high range geodetic type gravimeters. The initial
phase of the program was a test of the fsasibdllity of using gra-
vimeters for making long distance gravity ties involving large changes
in gravity, and the establishment of ths rslative zccuracy with
which such observations couwld be mi.de and repeated. Since the
coupletion of this part of {he program, the general pian has been
(1) to estabiish inter-continental networks of gravity statiorns on
a global basis both for control purposes and the detection of errc:-&
in international gravity bases that are now being used, and (2) to
devolop and extend exiasting gravity networks in the -arious conti-—
nentse

Although several attempts were made prior ©c 1947, dy the
writer as well as others, to use gravimeters for making gravity
observations on an inter-continental basis, ttese attempts were.
for the most part, unsuccessful. This was because of the diffi-
calty of determining instrumental drift (changes in instrument
reading with time) while in transit, and the difficulty of main-
taining the instruments a% constant temperature during the perilod
of the observational program. It was not until the development
of a few high range ®"driftless®, constent temperature gravimeters
and the small temperaturs compensated, high range Worden gravimeter,
that a world program of gravimeter measurements became possiblee

Accuracy of Measurements

Although the apparent accuracy of the origlnal msasuieuc.is
tade under ihis program (¥Woollard, 1050% wae hatter than one mgal
(4001 cm/sec.2), there was some quesiion concerning the accurecy
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of valuee taken at hizh latitudes eince thers was no sultable method
of obtaining an overall calibration of the gravimeter., This problem
is now belleved to Ve nearing a sclution, and an accuracy of better
{han one mgal soon should be otviainable everywhere. 7The prasent
accuracy ¢f gravimsisr measuremenis between points lying ivr ths same
general latitude belt appears to te appreximately V.2 to C.3 mgal.
These figurss are based on comparisons betwee.. gravimeter values

and recent pendulum gravity measursmenis carried out by the Woods
Hole Oceanographic Institutinn, the U.S. Coast and Geodstic Survey
and ths Dominion Qbserwatory of Cunada. On these measurements, the
Voods Hole group used the quartz pendulums of the Gulf Research
Development Co. The Dominion Observatory used the invar pendulums
of Cambridgn University, fngland, compensated for changes in the
earth! s magnetic field Ly the use of a Helmholtz coil, and the U.S.
Coast and Geodetic Survey used the Brovn invaer pendulums with sim-
ilar magnetic compensation. Separate reperts covering these
pendulum measurements are row in preperation and sheculd be releasnsd
shortly.

Status of Observaiional Program

The primary netwnrk of gravity stations established to date
consists of a closed loop arcund the world, with enbaildiary networks
of stations ir each continent. The worla-girdling loop was first
run in 1948, and the same serias of siaiiuna ¥leap-frogged® ¥ ocut
again in 1950. This loup cf stations serves as a base line to which
the subsidiary continental :uetworks of stations. developed under
this program in North America, South America, EBurope, Africa,.
Australia and Asis,are tied. This year, ksy points on the world
loor =nd in each of the continental networks are being reoccupled
on a¥leap-frog" basis with two Worden gravimeters, and these mea—
surenents should materially strengthen the values.

Changes in Gravity Values Originslly Reported

mie gravimeter used in carrying out the initial phsse of this
program in 1948 and 1949 was calibrated against the gravity values
adopted for the wvarious naticnal gravity bases occupled; nemely
Oreenwich, Paris, Copenhagen, Stockholm, Debilt, Helsinki, Rome,
Tokyo, Citawa and Washington. Subssquent comparative studies against
series of pendulum observetions in various parts of the world showed

®  FLeap-frog*: Observations made following a sequence in which
each station is doubie tied to the precedling and following stations
by ropeal observations.
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thet o better ~nliibration could bLe viiained Yy using the Samoridge
University (England) pendulum values as obtained in Australia and
Great Britain. With the release of this rewvurt, all values pre-
viously reported will have been adjusted +2 this standard. However,
there 1s still some question regerding the adjustment of the orige
inal work and also some uncertainty concerniag the degree to which
magnetic compensatlon had been achieved on these CGambridge pendulum
measurements that are being used as a calibration standard. It is
therefore possible that further adjustment of values will e neces—
sery wpon the completion of the reductions for the pendulum studies
conducted between Mexico anrd Alaska referred to eariier, and upon
completion of this summer!s gravimeter program.

¥ork Included in Report

Most of the pr.sent report is devoied to grevity observations
in Scuth Amevrica, but results for three other serics of measuremsnuts
are algo lncluded. In addition to the new work reported. the
earlier observations mmda in South America by N.C. Harding in 1949
have been revised to conform to the Cambridge pendulum calibraticzn
standard which was adopted in 1950. Although in some places the
correction for this change in calidbration amounts to 4.0 mgals,
+he agreement obtained betwaen the 0ld observations after thia
adjustment and new obssrvatlons taken at the same sites in 1952,
on the average, 1~ better than % 0.4 mgal.

RESULTS 1953 PROGRAM

Ocuparative Measurements with Different Type Gravimeters

In 1952, a series of couparative measurements were conducted
between the Commerce Building nationel gravity base in Washington,
DeCe. and the National Physical Laboratory. Teddinzton, England, using
a new Worden high range temperature compensated gravimeter (W 126)
and a Frost, high range, constant temperature, "driftless® gravimeter.
Thesc inatruments were made available for these teste by Ohlo State
Uriversity and Columbia Unlversity respectively. In order to obvain
valid comparisons, toth meters wsre indirectly ibrated against
the Cambridge pendulum standard through comparisons at baces es—
tablished with zravimeter W 10e.
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Althougn Ve Frosy wsver dld aciuamlly drifi during 4he first
day of the ovservations, there was no subsequent indication of any
change in reading with time at any of the sites occupled. The
overall closure, including the observed drift, wee 0.8 scele divi-
sion for the 10 day period of the tests. The observations were
carried out as a closed loop fror Washington and most of the key
gtatlions occupled an the out—-golng leg were reoccupied on the re-
turn leg of the trip Observationg were nade at the locations listed
in Table 1, and the intarvals of gravity measured varled from 20.0
mgale to 236Z.0 mgals.

Tabie I
Cheservation Sites witk Frost and Worden Meters

Lamont Geological Observatory, Palisadee, New York

Princeton University, Princeton, New Jersey

Department of Commerce Natlional Gravity Base, Washington, D.0.
Kaval Alr Station, Paturernt, Maryland

Naval Air Station, Argentia, Newfoundland

Blackbushs Royal Alr Force Base, England

U.S. Naval Headquarters, Grosvenor Square, London, England
National Physicel laboratory, Teddington, England

Pendulum BHouss, Cambridge University Observoievry, Cambridge, England
Oriy Alr Force Base, Paris, France

Fleet Naval Air Terminal, Naples, Italy

Naval Air Station, Port Lyautey, Tiencn Morocco

Lagens Air Force Buse, Terciera, Azores

Gander Airport, Newfoundland

Most of the above stations had been occupisd previously with
various Worden meters in cuanection with the world gravity progrem,
and they were again occupied in Jamuary, 1954 with Worden nsters
10f and 1473 ¢the latier two meters probably being the best of this
typ2 built to date. These comparisons therefore sorve two purposest
(1) to determine if there are any significant differences in values
obtained with a "driftless" meter as compared to one having pronocunced
drift am the temperature compensated Worden meters; {2) to show the
degree of agreement obtained between the early measurements using
the first high range Worden meter and modern, imprcved high range
¥Worden meters.

In Tebla II, the comrarative results are given along with
departures from the mean values, and these differences are shown
grappically in Fig. 1l.



= () v

Table II

Comparative Gravity Values
Obtained with Different Type Gravity Meters

(Calibration standard usea:

pendulum values,)

Madison, Wisconsin

Namh i A
Q

AugSLIullan anu blivisa ~amiridg?

University of Wisconsin, Science Hell Basement, Room 7,

Meter
Worden 105

Worden
Worden
Worden
Worden

Frost

Worden
Wordan
Worden
Worden
¥orden

41b
10e
10e¢
108
142
10f
147

10f
147

Year

1349
1950

1950
1951
1952

19562

1952

1953

1953

1954

1954
Mean Value

Patuxent, Maryland

Obssrved

Gravitx
YA
.2881
.3684
. 3683
. 2885
. 3686
.3681

. 3685
. 3683
. 3685
.3685
3686
. 3686
. 3685
. 2688
980.2685

Departurs
from Mean
-0.8 mgals
-0.,4
-0.1
-0,2
0'9

+

+ +
OC0O000O0OQOO

OOKFHFHFOODOWOILHO

Naval Air Station, Fleet Air Wing Terminal.

Meter
Worden 10a

Worden
Worden
Worden

Frost

Worden
Worden
Worden
Worden

41b
10e
i0e

126
10e
102
147

Year
1548
1950
1950
1951

1952
1952
1953
19564

Mggn Value

Observed
Gravity
380,026
.0258
.0259
.0262
.0259
.0265
.0254
.0261
.0256
.0257
380, 0259

Departurs
from Mean
+0.3

]
5

+

COOOO0OCQOO

e o o

+1 +
L (]
PDRADPMOOR O
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vaw land

‘Saval air Stabtion, Coast Guard Hangar cn lower level,

0ld Fiecet Alr Wing terminal.

- Heter
Worden Z1b

" Worden

Frost
--Worden
Worden
Worden
Hordean
Worden

Terciera, Azores

10e

126
1.0e
142
10f
147

-

Year
- 1950
1951

1952
1952°
1955
1953
1954
1954

Msan Valuse

Obsérved

Gravit
980, 8549 .

.8543

.83546
.8566

.8545
.8546
.8549
.8546
«8548

980,8546

Lagens Ailr Force Base Terminal,

© Meter .
Worden 10b

Wnrden
Worden

Frost

Worden
Worden
TWorden
Worden

41b
10e

126
10e
10f

147

London, Engzland

U.5. Naval

Meter

Worden

Frost

Worden
Worden
Worden
Worden
Worden

Worden .10

1.0e

126
10e
142
10f
147

Year
1548

1950
1951

1952
1952
1953
1954
1954

Headquarters,

Year

1948
1951

1952
1952
- 1983
1953
1954
1954

Mean Valuse

Observed
Gravity

.1759
L1761
.1764
.1770
.1762
1763
L1760

L1758

Departure

from Msan

+0.3 mgals

-0.3
Qe -

+1,.9

-0,

+

OO

0
0
0
0

4+

Departure
from lean

mgals

-0.2
0.0
+0.3
%049
+0.1
+0.,2
-0.1
- =053

Grosvenor Sguare,

Observed

Gravit

§81.25%I
.2000
.2003
.2002
e 2001
.2001
«2001L
. 2203
«2005

ey ——es——
Yok ,4UUL

Departuré.

*rom liean

0.0 mgals

-0, 1
+0.2
+0,1

O,
0.
Oo
Oo
+0

o
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Lanle 1IX

Leddin ton, sSngland

National Fhysical Luborasory,

Leter
Worden 10b

Viorédea 1loe

Frost

Worden 126
Wnorden 10e
Worden 10f
Torden 147

Mean Value

Cambridge, ingland

Port

Pendulum House on ground

eter
Worden 10b

Worden 1lU0e

Frost
Wordsn 126

Lyautey, French iorocco

1951

1952
1952
iieain Value

Meterology 3uilding.

Qbserved Departure
STrsvity Prom van
98l.1%61 0.0 nnls
L SER) ~0.1
1960 -0.1
sd D02 +0,1
1960 -J.1
.1961 0.0
.1964 +0.3
.1966 +0.5
BT, 1351

A

)

981 ,.2682

Naval aAir stution, old ferminal,

ueter

Worden 10b
Worden 41b
Worden 10s
Frost

Worden 126
Worden 10f
worden 147

Year
1948

1950

1951

1952

1982

1954

1954
Wean Value

Observed

Gravity
$.0831L
.6519
.6525
.6505
.6525
,0519
.6520

g : § .Es.’:_‘.

——— i

- L oo
> DL as8v .l

nuciexl Qogervatory,

Departure
frow lean
+0.2 mgals
-Q.1
-0.3
+0.2
-0,3

Departure
Irom lMean
+1.0
-0.2
+0.4
-1.6
+0.4
-0,
-0,1
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Naples, ltaly

Capodichino Airpoert, Fleet Air Wing Terminui,

- Obegerved
®»e856T ea,r Gravit

Frost T952 930.25;5
Wordex 126 1952 .2572
Worden 10f 1954 .2568
Werden 147 1954 09556

Mean Value 380.2570

Blackbushe, Engiand

Royal Air Force Base terminal.

v Observed
Meter ear Gravity
Frost 1952 981.1550
Worden 126 1952 .1552
worden 1l0e 1953 .1552
Worden 142 1953 .1548
Mean Value 3581,15580

Palisades, New York
Lamont Genlogical Observatory.

Observed

Meter Year Gravity
Worden 102 1948 .2583
Froest 19562 .2607
. 2897

North American 1952 . 2593
Wordsan 10e 1952 2591

Mean Value 980.2594

Princeton, New Jarsey

Guyot Hall, Princeton Univcrsity,

i Observed
Meter Year Gravit
Fros 1952 980,17
Worden 10e 1953 .1802

Mean Valiue 980.17%5

Deparvure
from Mean

! U.B mga.ls

+0,.2
~0,2

-0.4

Departure

from +san
*
+0,.2
+0_92

- g b

-0.2

De parture

from Mean

-1.,1
+1.3
+0.3
-0,1
"'003

Departure
from Mean
-0.9
+0,7
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Bemarks on_Test

As ssen from Tabie Il and Flg. 1, the Wordea meters gave better
agreement with eaca other than was obtained with the Frost mster.
As the differences in reaunlts abgervad with ths Prosi mstsr showed
no dependencs upon eitner time or tus gravity interval, and as the
values obtained at the stations renccupled on the return leg agread
within 0.2 mgals of those observed cn the outgoing leg, the differ—

encas do not appasr o be related iz foulty readings or témperaturs
or pressure effects. The Worden moters were of widely different
ranges (3500 mgals to 6000 mgais) with entirely different drift
retes and reading seneltivity values. Ths difference: thersfore
appear to be related to some idiosyncrasy of ths Frost meter pe-
cullar to certaln portions of its acalie.

This idiosyncrasy factor connectsd with individual instrumsnts
has not received as much attention as it deserves. This hes been
largely because, as a rule, it is appreciabis only in high range
gravimeters: and further, it 1s not apt to be detected even with
these instruments unless special testa are conducted. On tie Worden
meters which have tws eprins systems with indevendent rsading dials,
the response ¢f the principal high range epring can be svaluated
in terms of the more sersitive low range spring and any readinz
idlosyncrasy of the instrumsnt can be easily determined. Mig. 2,
for example, shows the change in the equivalent low range (fine)
spring dial values for clanges in settirng of the high range (coarsej
spring d4isl for Wordsn moter 10f. The apparent "wobble* for the
lerge spring reading dial shown is not peculiar to Worden instru-
ments, but is one thet 1s beliaved to be prasent in all high range
gravimaters. TFrom teste conducted Ly ithe writeras =nd {hse mmme-
factnrars € the Worden instrumcnte, i1t =ppears that the *wobble®
la derived from three sources: (1) variations in the piteh of the
screw connecting the spring to the reading dial; (2) inaccuracies
in the spacing of dial heed divislon merkers; and {3) sxzcentrie
setting of the dial head on the screw shaft.

Or instruments such as the North American, Frost &nd Western
high range gravimeters which have a single reading dial, it is not
always obvious that such effects are preceut. Yet, 1f the interval
covering a large change in gravity is checked for the dial reading
dlfference for a2 serlies of reset positions covering the range of
the instrument, it is found that there are indications of similar
systematic variations. The results for such a. %tsst showing this
effect with a North American high range gravimeter ie shown in
Fige. 3. That this observed anomalous rowponse assoclated with the
reading dial may lead to systematic errors has been indicated by
racent tests conductad by the Houston Technical Labcratorye

vy gt camamon
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Accoriing to HARDING (195%), if a calibration is started at e dial
reeding Sorresponding wo the beginnine of the sbserved anomalous
response curve, Point A of the curve shown in Pig. 4, then the mean
error curve would average a consistently positive value as indicated
by the dashed curve A shown in Fig. 4. The resulting average cal-~
ibration would be too high. However, if the calidration is sterted
at a dial reading point corresponding to Point B, the riean error
curve would average about zero as is indicated by d=zshed curve B

in Fig. 4o The average calibration value determined under these
conditiona would ve essentially correct. If the calibration is
started at a pcint corresponding te Psint C on the observed
anomalous response curve, the mean error curve would follow

dashed curve C and the resulting calibration would be tco lowe

D .

An exarpls of this effect on the tilt table calibration for
a Worden gravimster, when starting the callbration at a dial
reading corresponding tc Poirt A on the anomalous regponse cuzrve
of the dial, is shown in Fig. 5. Compared to the true calibration;
the apparent calibration,when established under this condition, is
toth too high and also indicated a fictitioum non-linearity. The
importance of these effects naturally depends upon the range in
gravity covered by a ravolution of the reading dial. The greater
the equivalent change in gravity per rsvolution, the more impor-
tant the sffect.

Po slinminate errors in calibration having this origin, the
followirg procedure has been adopted by the writerss (1) deter-
mins the anomnlous response for the coarize 3pring dial by es—
tablishing the equivalent number ¢f fine spring dial units per
coarse dial unit by actual field measurerents a% e sufficient mun—
ter of places to cover the range of the instruments (2) integrate
this curve so s$hat any differsnce in coarse spring dial units can
be equated to an equivaleni number of fine spring dial unitss (3)
establish the calibration in terms of the fine spring dial unigs.
Using this system, all reductions in values for establishing an
ousarved value of gravity ie done entirely in terms of the
equivalens firs spring dial units. As any screw or dial effect
~onnected with the fine spring is of negligible importence, tha
resuliing values are essentially correct.

Arctic Observations

In the spring of 1952, arrangements were made threugh the
UsSe Weathe:r Purean 1o have an observer make gravity observations
at the various advance arctic weather stations at the time of the
spring resuprly flights. Ooscrvations were made in Canada at
Mountreal, Queoesc; Clmrchill, Manitoba; Resolute Bay, Mould Bay,
Isachsen and Alert. Norithwest Territory; and at Timle, Greenland.

i o

o e s
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Unfortunately, 3 clasmnra conld not be sffected on this survey.
Th:‘.g resuited from a return trip being made inamdveriarnitly orn a
nor=-stop flight from Thule, Greenland to Westover Air Forcs Base,
Massachmsetts, and the gravity iniesrval involved exceeded the
range of the instrumeant being used. Thare stations were reoccupisd
agaln in April, 1954 under the auspices of the Air Force Cambridge
Regsarch Center using two ~ igh range instruments. As the results
obtained on this trip d1f{ .rs§ beiwesen 3 and 7 mgals from those
orlginally determined, nearly all of the results for thes ilrst
trip have been rejected. Ths values obtained ior both sets of
observations are listed in Table I1I along with comparative data
secured by other groups.

South American Pregram

Although a series oY gravity obeervations was established in
Socuth America in 1949, it was judged desirable to repeat parts of
this work in view of subsequent improvement in instrumentation and
change in the calilration stsndard used. Ir addition, there were
large areas particularly in Brazil where there were few gravity
observations. As a preliminary to the 1952 program, quick turn-
about measurements were made from Weshingtsn, D.C. via Mobdile,
Alabamn, to Panama and to Rio de Janeiro, Brazil for control pur—
poges, and in addition, a seriez of Fleap-frog" measurements were
made between Balboa, Panama; Lima, Peru; Asuncion, Paraguay;
Santiago, Chile: Buenos Alres, Argentina; and Rio de Jareiro,
Brazil. With thsss points serving as control bases, more detailed
series of measurements were carrie? out, particularly in Oolombtisa,
Peru, Argentina and Brazil. As most of the primary bases established
in 1949 were rsoccupied, it v=s possible to re-evaluate ail of the
earlier work and put it on the same calibration basls as is now
being used. The adjusted values for the 1949 observations ars given
in the Appendix ¢f ihic report along with the nsw values obtained.
Fig. 6 shows the distribuiion of the principal gravity bases es—
tablished in Scuth Anerica to date under this program.

Suropean Measurements

In 1953, a repeat sct of gravity measurements were mads con-
nacting North America and Europe via New foundland and the Azores.
New stations were established at Shannon, Dublin, and Belfast,
Ireland; Oslo, Norway; Gothenborg, Sweden; and Brussels, Bslgium.
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Table IiI

Gravity Values
Arctie Region

Elleamere Island
Alstt
15

Canadian Weather Station, scuthwest 2nd of ruaway.

1952 CRC,USAF

North Americarn 1ll3a $383.1367a

2. At garage, 2 feet east of west entrance,. '
1952 Black Worden Meter 14b 983 ,1410*
1952 Dominion Obs.Worden Metcr 44 983.13056
1954 Rose Worden Meter 10f 983,1329
1954 Ross Worden Mster 147 583.1332
Manitoba
Churchill

RCAF Airport, to right of dcor leading to outside

in padsenger waiting room,

1952 Black Worden Meter
1952 Dominion Obs, Worden Meter
1954 Rose Worden Mster
1954 Rose Worden Meter

Northwest Territory
Isachssn
Airport, 100 yards west of unloading ramp at edge

Mould

R

Fal
AV

n
d

©

”~
v

-
(4]

a
o

of shore, Robert's Station.
1952 Black Wordsen Meter
1952 Dominioa Obs.Worden Meter

1954 Rose Worden Meater
1954 Rose Worden Mater
Bay

Airport, at northwest corner of
west side of operations shack.

1952 Black Worden Meter
1954 Rose Worden Meter
1954 Rose Worden Metaer

i.

14b 981,7710*
44 981,.7668
107 981,7672
147 981,7671

14h 983 .0665%*
44 983,0574
10£ 985.0599
147 983,0599

instrument shelter,

14b 982.9421*
10f 982,9338
i1& 982.9339

- 20 AT AR 5 e
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Canada

Northwest Territory (con't)

Regolute

1, RCAF Airport, transit building, north of mssas hall,
1952 Black Worden Meter 14b 982,8697*
1654 Roed ®Worden Meter 10f 982.8625
1954 Rose Worden Meter 147 982 .8624

2. ROAF Airport, at garage at door leading to west,.
1952 Black Worden Meter ldb 982,8701%*
1354 Rose Wordern Metser 10f 982, 8630
1954 Hose Worden Meter 147 982 .8630

3. RCAF Aairport;, 3 feet west and 2 feet mouth of ware-
house north docr on south side of runway,

1952 Blaock Worden Meter 14b 982, 8695%
1952 Dominion Qbe, Worden Meter 44 982, 8635
4. Pendulum Dase.
1952 Black Worden Meter 14b 982,.8812%
1952 Dominion Oba Worden Meter 44 982.8754
Ontario
Ottawa :
Dominion Observatorg, top of pendulum pier.
1952 Dominion Obg Wordsn Meter 44 98(.622
1954 Rose Wordser Meter 10f 980,.6208
1954 Rosge Worden Meter 147 980,6209
Toronto _
Airport, at field sntrance to Canadian Immigration
Bureau,
1952 Black Worden Mster 14t 980.4304
1954 Rose Worden Meter 1i0f 980,4301
1954 Rose Wordsn Meter 147 980,4303
Qusbec
Montrsagl

1. Dorval Domestic Terminal, Incoming Customs Offics
behind long counter in building annex,

1952 Black Worden Meter 14b 980.,6442
1954 Rose Worden Mster 102 960,6434
1954 PRoase Worden Meter 147 980,643%

2., Dorval Inn, at west entrance on sidewalk to left
of canopy.

1952 Blaock Worden Mster 14b ©80.,6442
1954 Rose Worden Meter 10f $80.044%1
1954 BRose VWorden Mater 147 980,6443

* Re jected



Canada

Quebec

Tabls III

Montreal (ccn't)

3. RCAF Air Movement, at northeast corner of Hangar #6.
1952 Black Werden Meter 14b 980,6441
1552 Dominion Cbs.Worden Mevor 44 980,64856
1954 Rose Worden Meter 102 980,6443
1954 Koyse Worden lMeter 147 980,6444

Gresenland
Eure ks
&t instrument shed of resistancs thermometer on
lakse,
1952 Black Worden Meter 14b 983.0334%
1952 Dominion Obs.Wordeun Meter 44 983.0251
1954 Rose Worden Meter 10f 282 ,02875
1954 Rose Worden Meter 147 983.0275
Thule

1, Airport, 125 feet south of center door of operatione,
1952 CRC,USAF North American 1ll3a 982.9236
19538 Dominion Obsg, Worden Mseter 44 982.,9267
1954 Rose Worden Mster 102 982,9280
1954 Rosse Worden Meter 147 982,9280

2, Danish Magnetic Siation, 170 yardis and 150 degrees
true north from pedestal of observatory.,
1952 CRG,USAF North American 113a 982.9290
1954 Ross Worden Meter 10f 982,9331
1954 Rose Worden Mster 147 982,9326

3. U.8, Weather Bureau Station, southwest corner of
shack, 2 feet wsest of entrance,
1952 Black Worden Meter 14b 982,9401*

* Rejacted
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In February of 1954, repeat measurements were made beiween the
absolute gravity bases of the Burean of Standards in Washington, D.C-
and the National Physical latoratory a. Teddington, England. Thess
moasurements were made as a check upon ths calibration of the new
high range ¥orden gravimeter W-l47, belonging to the Air Force
Camoridge Research Center and the rebullt Worden gravimsier W=10f,
which replaces meter W=10s that had bsen used since 1950 for most
of the global measurements. On this trip, observatione were mads
also in Newfoundland, the Azeres, Trsuch Morocco and Italy. The
results of thsse two sets of measurements are included in the
Appendix.

!.grt.h Amerlican Ko@auremhtg

In the courss of travel within the United States from Madison,
¥isconsin to points of embarkation for forelgn travel, a number of
obeservatlons were also made at variouns placess The results for
these measurements ars included in the Appendix.

COMPARATIVE VALUZS

Although the primary purpose of this study is to extend the
network of graviiy observations on a global basls so that certain
geodetic studies can be undertaken that are now hendicapped by a
lack of data, the measurements have also served to indicate some of
the major discrepancies in ths international systex of gravity dases.
At first, 1t was not certaln whether the errois ilndicated lay in
the origzinal penduium observations or in the gravimeter work, but
subsequent work by other investigators as well as repeat observations
mace under this program have verified most of the indicated die-
crepancles., Somé of these arrors have been the result of famlty
measarements but othsrs have resulted from inherent defects in the
meaguring equipment used.

Comparisons with Cambridge Pendulums

Comparisons of gravimeter results and thoss sstablished with
the Jambridge University pendulums have been made in various paris
of the world. On tha dasis of the small standard deviation noted
for the difference ir results ottained and the fact that thase
pandulums wera compenszted for theeffect of changes in the earth's
meenetic f1eld, they were adopted for sstiatlishing the calibratien
now being usged in the gravimecisr program. This ezlibration, however,
was not based upon all the Cambridge pendulum data, but limited to
the resulis obtained on individual series of measurements since there

e S - S s e S— SOOPR
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wag & suggestion of errors in the base connection to Cambridge on
each program of observations. The groups of data used were those
fer australia and New Zealand and those for (reat Britain.

In Table IV, corparative valves are given for the Cambridge
pscaaivm atations occupled that had heen established prior to 1952
In 1952, the methcd of megnetir compensation was changed with a
Helrholtz coil around the pendulums substituted for the Mu metal
liner in the pendulum caee that previously had been used. Oompar—
ative data for the pendulum stations established since this changs
in method of magnetic compensation are given ir Table V.

From an inspection of Table IV, it is seen that ths differences
in values fall into distinct numerical groups which correlate with
the individual observational programs as follows3

Great Britaing pendulums 3.3 mgals < gravimestsrs
Austraiias pendulums 5.3 mgals <« gravimeters
South Africat pondulums 4.5 mgals < gravimeters
Bast Africas pendulums 7.0 mgals < gravimeters

The above are median values and in the case of the values in Great
Sritain, it is kmown from several subseguent repeat measursmenta that
the difference is real and related to an error in the Potsdam system
valua for the Cambridge University penduium base. As all of the
other measurements were based on Cambridge, this much of %‘he in-
dicated diecrepancy can bs accounted for in each case. The balance
is believed to be related ¢{c arrors in ths conmection Detwuwen
Camhridge and the different areas involved. Eowever, it is found
that if an overzll plot of the differences irv Table IV is mede,

that an apparent discrepancy of about 4 l.l mgals per 1000 mgals
change is indicated in the gravimster calibration. See Fig, 7e

If the same data though are isolated into groups for each obasr
vational program (Fig. B), no such sffect is apparent except in the
cz86 of the South African measurementsn which indicste a departurs ~
of 4 2.4 mgals per 1000 ngals change. The explanation for this
large systematic departure in South Africa is not known, but it
appears %o bhe related 4o the pendulum measurements. An independent
sories of observations that supports the conclusion that a sarles

of errors in the Cambridsze base connection iz involved, rather than
an errounscus calibration of the gravimeter, are the gravity measury-—
ments made by Expeditions Polaires Francalses in Graat Britein,

East Africa and Australia. Thess will be referred to in more detail
later.

S8imilar reiations to theosge shown by ths data of Table IV are
indicated for the Cambridge pendulum measurements made in North
lmeriea listed in Tadle V. The 1953 pendulum measurementis on the
basis of ths gravisater measurements appear to be about l.6 mgals

T S S — - T AU
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fable

Gruvity Values at

1y

Feadulum Stations

ceupled with: Cambridge UﬂlVbl“lty Pendulunms
Mqéaetiua1ly Comveasated with ilu ietal Liner

Cambrlage penaulums relative to Combridge (981.2650)

Gravimeters relative to Washington
Furope
Great Britain and Irsland

Cambridge Pendulum House

Pendulunm
WeHE.OLI-

York
Pendulum
gol{ooole

New Castle
Pendulum
W, B,0.15

Edinburgh
Pendulum
W.HGO.I.

Aberdesn
Pendulun
w,H.0,1,

Greenwich
Pendulum
W.H.O.T.

Southampton
Pendulum
?’.H.O.I.

Teddington
Pendulum
W.H.O I,

Dublin (Dunsink)
Pandulum
W H T,

{980.1190)

Observed Difference
Gravity in mgals
981.,2650

$81.2682 +3.2
9C1,4149

981,4174 +2.5
981.5062

981.5090 +2.8
981.5801

981.5834 3,8
981.6959

981.6993 +3.4
981.1863 .

981.1904 +4,1
981.1260

981.,1283 +2.3
981.1923

981.1961 +3.8
0381.3858 :
981,3897 +3.9




Soubin america

argentina
Buenos aAircs
Ygundulum
W, H.O0,T.

North America

United 3tates

%Washington, D,C,
Rendulum
%w.H,0.I,

australia

Melbourne
Pendulum
9. H.G.1,

Sydnsy
Pendulunm
- I O

alelaide
rendulum
L =5 e I

Ceduna
Pendulum
L R it

Forrest
Pendulum
-“!.HOOOI.

Kalgoorlis
Pendulum
W.H,0,1.

Perth
rendulum
%.H.,0,L,

Jeralaton
Fendulunm
W, H.0., 1,

.-23-

Tabls IV (¢

o

n'g

\
)

Obgervad Difference
Gravity in mgals
979,7044

979,7078 +3.4

980,0954
980,0996

979.9755

979.92810

979.6819
379,6875

979.7198
379,7258

79,4488
979,4549

979,3087
979.3084

979.2877
979.2929

979.39123
979.3970

979.2576
LA o 5

(Burcau of Standards)

+5.5

+5.9
+6,1
+5,7

+5.2

+3.5

He
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Teble IV !lcont't)

4usiralia Observed  Diffcrence
Gravity in nmzals

Carnarven

Penduium 978,9395

W.H.O.I. 978,9438 +4,3
Onslow

Pendulum 978.7695

W.H.0.I. 978.,7769 +7.4
Port Hedland

Pendulum 978,64.24

W.H.C.I, 978,06485 +5,9
Derby

Pendulum 978.5159

¥.E.Q0.I. 978,.5236 +5.7
Darwin

Penduvlam 978.3128

W, H.O,I. 978,3181 +4 7
Daly Waters

Pendulum 978.,3857

wW.E.C.I, 978,391¢ +5 .9
Tennant Creek

Pendulum 978,5245

w.H.Q0.I. 978 ,5313 +6,8
Alice Springs

rendulum $78.6504

), 0 . 0 1 c'78.6563 59
Oocdnadatta

Pendulum ©79,0967

wH.O.I. ©979,10z1 +5.4
Brisbanse

Fendulum 979.16567

Y.H.0.I, 979.1714 +5.7
Townsville

Penduium 978.6200

W, H.CG.I, 976.6268 +6.8
Cloncurry

Pendulum 978.647¢

w.H,0,I, 978.5540 +6,2



New Zealand

Wellington
Pendulum
')V.H.O lI.

Christchurch
Pendulum
WOH'O'I.

Christechurch
FPendulum
w.H,O0.I,

Otago
Pendulun
?JGH.O .I [ 2

Africa
Union of Soutn

Capetown
Pendulum
: ‘H0H00 oIo

Durban
Pendulum
W oH .() L ] I *

Johainnesburg
Penduluw
L O

Nelspruit
Peadulum
WOHOOOI.

Preftoria
Pendulum
W, H,0.1.

Tsumeb
rendulum
W.H.0.I,

Tuble

o~
to
S—

Africa

IV f{con't)
Quoserved Difference
Sruvity in mgals
280,2620
980.20€2 +4 ,2
980,50456
$80,.,5093 +4 .7
980.5041
980,5096 IR
80,7370
80,7426 +5,6
$79.6520
979 .5537 +1,7
979,3220
979,3260 +4,0
978.5460
278.5514 +5.4
Q79,8440
979.6475 +3.D
978,7130
978,7174 +4 ,4
97,6260
978,6311 +5.1
978.2190
97£ ,2239 +4,9

PUNC LA S

% e

P e



Table

africa
Union of South africa

Upington

AA A A e

Windhosk
Pendulun
W.H,0.1,

Southern nHhodesia

Salisbury
Pondulwn
?".HQOOI.

dangaayike

Dar es Salaan
Pendnlum
Pendulum
wW.H,0.I.

Anglo %gyptian Sudan

Khartoum
Pendulunm
Fendulun
W.H:Q.L.

Kenya

Nairobi (1)
Pendulum
L S ¢ P

Nairobi (2)
Pendulum

.....

- 26 -

IV (con't)

Observed Difference
Cravity in mzals
578.93880

978.,9930 +5.0
978.3170

978.3232 +6,2
978,1440

978.,1505 +6 .5
97801176 -202
978.1126 =7.2
978.1198

978.3015 -4,8
978 .2989 -7.4
978,.3063

977.5237

977.95303 +6,.6
977.5307 -5,8
a77.2281 -J,4

977.53175

bk St
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Tuble V

Gravity Values at lendulwn Stations
Ooccupied with Carbridge Univerusity Penrdulums
iiagnetically Compensated with a Helmnoltz Coil

Cambridgs Pendulun V
Graviueters based on ¥

Teddington, zngland

National Yhysical Laborator

Peanduium {1963)

XH.H.O.I.

Washington, D,C,

U.S., Bureau of sStandards

o -\

~enduiam (1555}
YJH.0.1I.

Commerce Departrent
Fendulum (1952)
w,H,0,I.

Beloit, Kunsas
Pendulum (1952)
W HO.X

Houston, Texas
Pendulum (1952)
W.H:0,1;

Tulsa, Oklahoma
Penduium {(1952)
w.H.O0.I,

Huron, South Dakota
Penduiun (1952)
W.H.O.L:

iadison, Wiscongin
Pendulunm (1.952)
w 1T

0T
[ ¥ SPRE P T

Monterrcy, Mexico
Pendnlum (1952)

w 0
" .&.v..b.

Mexico City, Mexico
Pendulum (1952)
w.H,O.I.

es bo
shington

GE&VL01

sed a Ottawa (9389,6220)

Obsgerved

2 A .,

981,197¢
981.1961

980,10153
980,0226

980.1193
98C.1190

979,9990
979.9986

979.2990
972.2988

979,7664

979.7665

979,455
979,4544

980,3690
980,3686

978,8055
978,8063

977.94156
977.9440

(980.1190)
Difference
in m=zals

-0.3

+0.1
-1.1
-1.0
+0.8

+2.5



Tavie TV icontt)
Jbservad Difference
Gravity in mgals
F@irbanka, Aluska
Pendulur. (1983} 982,2479
wW.H.C.I. 982,2447 3.2
Wihitehorse, Yukon Territory
Pendulum (195%) 981.7503
W.A.0.5, 581.7480 -2.3
Tatson Lake, Yukon Territory
Pendulum {1953) $£1.7159
wmH.O.I. $E1.7132 -2.7
Fort Nelson, British Columbia
Pendulum (1953) 931.7013
w,HO.I. 981,6926 -8,%
Fort St, John, Britieh Columbia
Pendulam (19532) 981.4074
W.LL,,O I 981.404 "3.1
Grand Prairie, alberta
Pendulum (1983) 981.3195
w,H,0.I. 981.3168 -2.7
Edmonton, Alberta
Pandulum (1953) 981.1686
W, H.0.I, 981.1665 -2,1
Red Deer, Alberta
Pendulum (1953) 981,9932
wW.H,0, 981.9962 -2.0
Lethbridge, Alberta
Pendulum (1983) 980.7603
wW.H.0.I. 930.7575 -2.8

2y -
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higher, on the average, tr=u the 1952 pendulum measurements. This
sugrested discrepancy also appears to be substantiated by both
recent gravimeter measuremerts and measurements made with the Gul?
quartz pendulums. Hnwever, an overall diffsrence plot indicates

a discrepancy in the gravimaier calibration of ¢ 1.2 mzals per 1060
mzals change. This coincidencs of apparent error in the present
gravimeter calibration using all of the Cambridge pendulum data 1is
go striking that repeat pendulum measurements are now being made
between the United States and Oanada to check itsreality.

Comparigsons with Us.S. Coust and Gapdetic Surwar Pendulums

As a resgnlt of extenszive serlss of measurements mads in the
Urited States with gravimeters over the past twenty years, it vas
known that there were random errors and alss apparsent datun shifts
for different season's work in the pendulum values of the U.8.
{oast and Geodetic Survey. However, it was not recegriged prior
Yo this program that ths vaiues ostablished with the Invar pendvlums
of thils organiration were alsc systemetically in error becauss of
the effect of changes in the earth's magnetic field on the period
of these pendulums. As shown in Fige. 9, which comparss gravimeter
valuez with pendulum values over the gravity calibratiorn range
establiehed by the U.S. Coast and Geodatic Survey in 1950, the
departure amounts to about 2.6 mzals per 1000 mgals change. Al=-
though thig effect 1s now being alirinated in using the Invar
pendulims by maintaining a constant magnetic field about the
pendulums through the use of a Helmholtz coil, all observatlions
made prior to 1952 with these pendulums incorporate an error having
this Origino

That the non-systematic errers having other sources may be
appreciable is indicated by the compariscns shown in Tabdle Y¥Y,
stations established with the U.S. Ooast and Geodetic Survey peadulums
outside the Tnited States. It is seen that while rscsat work, as
that in South America, appears to be in good agreemsnt with a sys—
tematic deviatisen similar to that shown in Fige 9, the older ob-
gervations, particularly those in Hawali and the Philippine Islanis

made with the bronze pendulums., differ markedly from ths gravimeter
values.

Aalme
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fable VI
Cravity Valuss b seadulum 3tations
Oceupied with U,3,C, & &.5, Jenduluns
Jutside of Unitad 3tates

Pendulum values based on Washington {980.11890)
Gravimeter values based on Washinzton (980,1190)

Part i (Invar pendulums with no magnetie compensat ion)

. . Observed  Difference
South america Gravity in mgals
Balboa, Canal Zone
Pendulun 978 .2386
1 o e 78 .2417 +3.1
Juito, Bcuador
Fendulum L2790
W H,0.1, 977.2308 +1.8
varasus, Venezuela
rendulum 978 ,0664
L T T 978,0687 +2.3
santiago, Chils
Fendulum 979.4293
L WY g 979.4314 +2.1
Rio de Janeiro, Brezil
Pendulum 978 .8048
W,I.0.I1. 978,8060 +1.2

Part B (Bronze pendulums except where starred (™)

Hawadli
Honolulu
Pendulun 975,9510
W H.O0.I. 978.9460 -5.0
Niu Longitude Station
Pendulum 978.948) -5,0
Penduluam 973.5550" -1.0
W.H.O.I. 978.,9560
‘Vaianae (15)
readulum 975.0240*
W.H.O0.I. 979.,0330 -1,0
Yaianae (16)
Pendulun 979,0330*
R.H.O0.1. 979.0320 -1.0



Teble
Part B

2uorto Riee

San Juan
Pendulum
wondo oI s

Mayaguez
Penduluz
v.E.0.I.

Philippine Islands

Manilla Observatory
Pendulum
W.H.0.I.

Geodetic Survey 0ffice

= 33 -

VI (ocn't)
Obgerved
Gravity

278,6760

$78.677¢
978.6690
978.6655

978,3720
978.3649

Pgndulium 978.3870
w,H.0.I. 78,3533
Foxrt MoKinley
Pendulum 978,4050
7.H.0,I, 978,40609
goprarisons with Vening-Neinesz Pendvlums

Difference
a2 - 3
20 INEZSaw

+l.6

-3.7

During ths courss of the global program of gravimster msasure—
ments, many of the submarine port gravity stations established

using Vening-Neinesz penduluma were recccupied.

These includd

stations esisblished by Vening-Meinesz personslly and those made
subsequently by the Lamoni Gsological Obssrvatery and Cambridge

University.

Although pendvlum values are not available as yes

for most of the recent obsorvations, the gravimester velues at all

stations are listed in Table YIl. 'The comparisons, as shown in
TMeg. 10, indicate a mean random error of € 4 mgals tn the pendulum
values with occassional departures exceeding 10 mgals. This lack
of agreemnent, however, is not surpsising sincs a port locatiecn is
particularly poor in that the submarine is surfaced, subject to the
swell crecated by passing vessels and is contimually bumping or rub-
bing agalnst the dock.
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Lable V1II
Grevity Values ab Swbriarine Grovity -sort sStations

Vening lleinesz Values Helative ver:ilt (980.2680)
W,H.0.I, Values ielutive Vasningson (980,1190)

W.H.O.I.

978,1419

Lfrica Observed viffsrence
Gravity in ngals
Alexandria, bzypt
1923 Vening-ileinesz 979 .46 “5,7
1925 Vening-llieinesz 979.4u0e +2,3
w.H,0.X. 979,451
Capetown, Union of South africa
1935 Vening=-iieinesz 979.664
W.H.0,I. 979 6537 -10,3
zZombray Obgservatory
1935 Vening-ileinesz 979,656 :
A H 0. L 979,6435 -12.5
Dzkar, French %Vest africa
1934 Vening-lfeinesz $73.484
kole #l
W HO. L. 978.4853 +1.3
ilole #2
N.E.O0.IL. 978,484%7 +0,7
iole ,153
w.H,0.I. 978,4842 +0.2
Suez, Egypt
1923 Vening-iieinesz 979.334
L = R e 979.3078 -26.2
Tunis, Tunisia
1923 Vening-lleinesz 979.928 +12.5
1925 Vening-~iicinesz 999,925 + 9,8
w.H.0.I. 979.9152
asiatic Area
Aden
1923 Vening~-iieinesz 978.323
¥,H1,0.1. 978.3256 +2.6
Golombo, Ceylon
1923 Vening-ieinesz 973,147 15.1
1929 Vsening-lleinssz 378,146 il ol



-35 "

Table V1
Asiabic area (con't) Cosegved  Difference
Gravity in mzals
Manila, Republic of the Fhiilppines
1926 Vening-Meinesz 978,362
Pier #9 :
v H,O,I, 978.3591 ~2.9
Pier #11
W.H,0.I. 978,3603 -1.7
Singapore
1929 Vening-Meinesz 978,087
W H,0.I. 1978.0835 -5.5
Yokosuka, Japan
Opama Naval Station
Wil 0.5 979.7737
Haval Base Dock #5
L N3 1 579.7805
dustrelia
Brisbane, qucensland
Dalgety's Whart
w.H.0,I. 979.,1724
Eazgle Gtreet Whurf
L o e 979.1714
Perth, West Australia :
1935 Vening-llezinesz 979,393 -
w.,H,0.I. 979,3358 +8 8
Central america and West Indies
Bzlboa, Canal Zone
Pier C :
W LLT s 978.2405
Pier 15C :
N E 0L, 978.2412
Pier 18 '
W.HeOL 1 978.2415
Colon (Coco Solo), Canal. Zone
1937 Yening-lleinesz - 978,253
Wl ok 978,2590 +6,0
W H,O.I, 978.2586 +5.6
W B B 978,2583 +5.3
W H. 0l 978 ,2596 +6,6
Guantanamc Bay, Cuba
Piexr Baker
e v B 978,7506
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PTatle JTil

Central aperics -ad Weaw Tacicy
Voserved Diffsrence
Ramilton, Bermuda Gravit in mgeals
1937 Vening-Meinesz ERETR
w.H,0.1. 979.8544 +2.4
llagzatlan, Msxico
1926 Vening-lMeinesz 978,868 +5,8
1926 Vea;ng-delnesz 978,865 +2.8
wW.,H,C.I, 978.8622
Europe
DeBilt, Holland
Vening-iieinesz 980.2680
;9 6 G 280.2681 +0.1
wlba
Dock #3 -
Cooper 279888
Wl 0T 979,8871 +4,1

* based on Cambridge 981.2650Base corr. +3.3 mgls
Manuel Island
W.E.0,1; 979.8863

North america

San Diego, Califoraia
Laval Air Station, North Island
w.H,0.I, 979.5338
Sonar Sohool
Reserve Fier

W,H,0,I, 979.5413
School Pier
w,H,0.I. 979.5417
Concerete Fierhead
W, H,0,I, 979,5422
U.3. Haval Zlectronies 3chool Docks
W H0T . 979.,5478

Falisades, New York
Lamont Observatory
%.H.0,I, 980,2591

son Francisco, California
Fort lkason, Pier #1
1929 Ven;ng-Mﬁinpsz 979,996
wW,H,O0.I. 979,9980 +2,0

%oods Hole, lassachuscetts
Oceanographie 1lanst. pumphouse
wW.H.O,I, 980,3262



. Table Y11
£3C1lilc aTea
Ubazrved Diftsreuacs
Guam agLrovisy in mgals:
< )
1926 Vening-icinesz . 978,542
1926 - Vening-licinesz B 978,536

Hoover Park Relative A
W, H,C.1, 0055410 -0,.8
- Base 18 i :
W H,. 0.1 978,5417 -0,3
hzval Operations Base :
WiHJ O, E. o78.,5417 =0,3
hawaiian Islands
Honolulu Wl A
1926 Vening-ieinesz 978,943
W . C ke ° 978, 9440 +1e0
Pearl Harbor
Sail #2 ' ;
w.B.0.I, o78.9401
L 5 & 5 978.,9405
3ail #6 :
wH,O.I. 978,9408
Sailfir .. By ;
. w.H.0.I. 978.9415

liidway, Sand Island
Berth #5 :
S 0 978.5051

Wwake Island
airport
: W.H,O.I.,. o278 ,8826

South Ameriecs

Bvenos Alires, aArgentina
IGM
- Venling-lieinesz 979,704
IGM Potsdam Station

w.,H,0,I, 979,7046 +0,6
IGM Absolute Station.
H,H.0.1, 979.7065

Meteorological Sarvice
Vening-lisinesz 979.706
W o0 By 979.7078 +1.8
O e T 979, %097 B Lok
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Peble VI
Soubh amsrics {(con'l)

Ave keron (wa zlata)
Ubsevvatory
Veaing-lieinesa 979.780 :
% < O« [ 979,7556 ~26.4

Lar del Plata
IGK
Vening~lMcinesz 980,036
W.HO I, 980,0353 -0.7

Jommariaone with Holweck-le iay Pendulums

Although only a limited number of Halwezhi-Iejay peniulum bases
were reoccrvpled, 1t was vossible to evaluate ilic reletive accuracy
of the extenaive natwork of graviiy bases established in the Orient
by IBEJAY (1936). As indicated in Table VIII, tke pendulum values
appsar tc be on the average about 5 mgals below the Potadam datum
as indicated Dy the gravimeter wvaluss with an average deviation of
about & 2 ggals. Thesa indications also appear to be substantiated
Ty the measurements nnde in the Orient by Bxpeditions Folalres
Francalses (STAHL, 195%). Considering the nariod anéd handicaps
under which this work was done, these results ars very gcod and the
equal or better than other contemporary gravity done under morse
ide2l circumstances.

Gomparisons with Gravimetsr Values, Eapeditions Polaires Francalses

The global program of gravimeter measurements being carrisd
out with constent temperature, driftless, high range North Amer-
dcan and Western gravimeters by ithe Bxpeditions Polaires Francaises
constituts the best overall check on the Weods Hole gravimster
program. Both programe Lave been operating indepsndently for about
the sams lszgth of time, and although there has been no marked
duplication of work, it has been the policy of each group to occupy
common stations at every cpportunity. As a consequencs, comparatlive
data in sufficient number are availsblo to permit the resultis
obtainel by each to be evaluated in terms of the othsz.

The most zizullicant point brevght out by the comparisons 1s
that despite the fact that entirely diffferent typees ¢f insiruments
sre used with markedly different ch:xacceristics regarding drift
and. sensitivity tc temperature and pressure aberrations, tha resuits
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Eebily VILE

Gravity Values at Holweck - LeJjay Pendulum Statlons

Houlweck~Le jay pendulums relative Paris (Radium Inst,) 980,9415

Gravimeter values relalive Washington

Observed
Gravity

Beyrouth, Lebanon

Le jJay 979.690

W.H.0.I, 979.6912*
* 1Indirect tie by Exp, Pol., Fran,
Hong Kong

Le jay 978,767

w.H,0,I. 978.7721
Colombo, Ceylon

Le Jay 978,135

w.H.O0.I. 978.1348
Saigon, Indo China

Le Jay - 978,228

wW.,H.O0.I. - 978,8307
Manila, Republic of the Philippines

Le jay 978,3590

W.H.0.I 978,.3650
Singapore

Le Jay 978,085

Le jay 978.C82

'OHQOOIo 978.0835

280.11°0

Difference
in mgals

-l.2

+1.8
-1.5

The following values are extrapolated allewing for change
in position, elevation and anomaly gradlent.

Hanoi, Indo China ;
Le jay 978,682

wW,H,0.I, 978,683
Hue, Indo Ckhina |

Le Jay 978 .442

w.,H,0.I. 978.446

Shanghal, China
Le jay 97%.436
W, H.C.I, 972,439
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agree, on the wicla, very well; the priacipal sources nf differencss
taing related to a systeuctic devistion bezause of 4hin differencs
in calibraticn standard used by each group, and taree {Jumps) iz
readings canged Dy jarring the instruments in transis. The Woode
Hole measurementis, as explained earlier, are based upon a calibration
using the Cambridge pendulum valuss as a standarde. The French
measurements are based upon a calibration derived from the gravity
interval betwsen the Parls and Toulouse Observeiories, as determined
with gravimeters in terms callbrated asaninst various national
gravity beses in Purope. This diffsrences iz cslibration romlis iz
a deviatlion of about -1l.1 ugals per 1000 mgale change in the YWoode
Hole regultu. The aignificance of jare to the insirument suffered
in ¢ransit can only be evalunted through repeat measurementg or
comparisons with other measurements. On the basis of present
comparisons, these seldom have amcunted to as much as a mgal. The
comparisons with the results obtained by Bxpeditions Polaires
Francaises 4c date are tahulatsd in Tadble IX.

If the differsnces showxn in Table IX are plotited as shown in
Fige 11, there appears to he a random differencs bLetween the two
sets of valuea having a mesn valus of ¢ 0.9 mgals, and nc indication
of any systematic deviation due to difference in calibration standard.
Hmiever, 1f work done during individual field seacons with a single
instrument are considered, the systematic departures and tares re-
ferrad to become apparent and the standard deviaticn is reduced
from 0.6 mgals to 0.3 mgals. This is shown graphically in Fig,.1l2.

The difference in ulopes of the error (difference) curves for
the work of MARTIN aprd that of STAEL suggzests a differsnce in
calibration of the instrumsnts used. Howsver, whether tha arrexr
lies with the ¥srlsn gravimaters or the North American gravimstere
sannot be said at this ¢ime. I% should bs possible to rezelve thiw,
though, after the compistion of this summer's work, in which two
Yorden gravimeters are being ussd to occupy key points in all the
continentsl networks satatlished to date.

Blosing Statemenf

From the comparative data included in this report, it is od-
vious that a2 major limiting factor in the uce of gravimeters for
geodetic measurements is the calibration of the instrument. At
this writing, there is no internationally accepted gravity stendard
that can be used for calidration purposez. The cooperative program
of the Tominion Qbservatery of Canada, the U.S. Coast and Jescdstice
Survey and the Woods Hole Oceanographic Institution to establish
a sultablc =salidration rangs with rendulums between lMexico and
AMlaslka is s8till not complets. As indicated in Tabie V. the graw-
imster date suggests tnere is & "tars® (jump) between the two field

R AINPALE S Py P e A i



ventsurisons oa Jorid B
axpeaitions Folaires I'runcaises

North americaun and Vestern gravimeters buased cn raris (980.9430)
Worden gravimeters based on «Washington (980,1190)

5

Observed Difference
Gravity in mgals
Africa
Algiers
Algiers Airport
E.c.F. 979.9075
w.H,0.1, 979.9053 ~2.1
Belgium Congo
ILeopoldville airvort
S 977.9555
W.H.O.l° 977.9548 -0.,7
French Morocco
Ber Rechid {1)
5. B.F, 279.5578
Wolls0sds S79. 5558 -1.5
Ber Rschid (2)
0 L 979.5593
WOHQOOIQ 979.5577 —1.6
Casablanca
Bl oFa 979.,6441
w.HQOOI. 979.6425 —1.6
Port Lyautey
BB, 979.6533
W.h. 0.1, 99 .6581 -1.2
French Tiest africa
Dakar Alrport
BBk s 978,4793
W.H. 0.1, 978,480 +0.8
Gonld Coast
Accera Alrport
E.P.F, 978.1188
W H. 0.5, 978.1178 ~1.0
«enya
Mombasa alrport
B4, 978 .0528
w.B.0,1, 978,0520 ~0,8




PTable IX .con't)

Africa (con't) Cbserved  Difference
Gravity in mgals
senya
~ Nairobi
Bastleigh
B.EB.F. 977.5476
W.H.O0.I. 977 .,5456 -2.0
Bullard I
Z. B P, 977.5326 :
W.H,0.TI, 977.5303 -2.3
Bullard II
E.P.F, 977.5390
W, H,0.I, 977 5315 -1.5
West Airport
L, 2 F, 977.5387
W.H,0.I. 9277 .5865 -2.2
iiadagascar
Tananarive Airjort ,
E.B o 978.2204
W..H:0,1, 978.2198 -0,6
Qanunarive Cobscrvatory
EB P, 978.2264
W H0uds 978.2258 -0.6
Tananarive IRSH
HoE b s 978.,2481L
wW.H,O,I. 978,2476 -0,5
Norsthern Rhodeslia
abercorn
b 977.6753
W.H,O.I, 977.6739 -1.4
Kzgama Airport
Bl o B 5 977.7921
S ) s 977,709 -1.2
N'Dola Airport
B FFe 977,9216"7
¥ H.,0.I. 997 .91.55 -1.2
Sierra Leone
Freetown airport
E.p.r. SVE 2018
WA,V I, 978,202%7 +0 .9

T P, i QA . IR i WAL L e T S I AT | P P P TR Y0 € ) 4 RIS I AR A TEC AN WACE ) T M



Levle

Afxica (con't)

LTanganyika
Dar es Salaam Airport
B ‘t’.a.,
W.E,

Bullard Station
E,P.F.
wW.H,O.I.

Asia

French Indo China
Saigon
Airport
L,B,P,
VJ.HOO.ID

Procure ilission
E.P.F,
WH.O,I.

india
Calcutta Airport
m P.F.

.u.O.L

Iraqg
Basrak Airport
E.P.Ft
w.H.0.1,

Lgbanon
Beirut Airport
E,P.F.
W H, 0.3,

Paxistan
Karachi Airport
®.P,F.
W, K.¢,I,(1)
W, H,C.I.(2)

- gl
IX (ccn't)

Observed Differercs
Gravity in mgals
978.1205

978.1195 -1.0
978.1205

978.1198 -0, 7
978 ,2318

978,2324 +0,6
978.2502

978 ,2307 +0,5
978.8092

978.8091 -0,1
979.3259

979.3247 ~-1.2
$79,.,6922

979,691z -1.0
978.6929

978,9634 +0.,d
978.9626 -0.,%




Tuble IX (con'™t)

asia (con't)

Singapors

Airvort

B %
W0,

Mt, Elizabsth Road
E,P.F,
V2.0,

Bank Indochine
E,P.F.
WOHOOOIO

Australian Area

australia
Brisbane
Globe Hotel
EP.F,
W‘H.O‘I.

Dalgety's Wharft
BeEE .

Melbourns
Lirport
EoPoFo

v H,C.I.

Footscray
E.B.F,
W.H.O.I.

(]

Observed Difference
Gravity in mgals
apg Qa3 L

978 ,0843 +1.1
978,0828

978.08356 +0,7
978.0818%

©78.0827. +0,9
979,708

979.,1716 +9,8
979,.1696

979.1714 G 2 [~
978.,3167

978.,3181 +1.4
978 ,3.38

Q78,2152 +1.4
979,9627

979.%96"0 +1,3
979,97%

979,9810 +1,.4

T P P
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Differencs
in mgals -

+1.5

24;,4_

*1.6.

Tavle IX n't)
australian avea {(con't) = Qbserved
: : Gravity
Australia ‘ =
sydney-
Alrport ;
Lo BJEGR. 97,6932
Wl 0.1 19 7007 -
T Rose Bay
E.P,F 979.6964f'
N.H,0.1 979 .,6978;
: ‘National Burea Sty
DN F 979.6864
Ao WO el 979.6875
' New C&ledonia '
Koumea, IFO e
B N .978.8808
W H =T 978.8824
Tasmania 3
Hobart. Alrport T E el
LS ELJPLP, 980,4418
wW.H.,O.I. 980,4439
Launceston .
et BB B 980,.2764
w.H,0.I, 280.2784
Indon631a r"'
Batavia Aivport : s
el F i 278.1653°
_Wn, b s i g 978;;669
Eurogﬂ
nelgium
Brussels Airport
EP.F, 981,1602
T g S P i 981.1613
Denmark
Copenhagen ,
3 Kastlup Alrport 6
* S Z.P.F. 981,.5567
0 O T 981.5572 -
Buddinge Base : ;
EP.F. 981.,.5571
W.H.O.;. 981,5574

oM

1.}

+0.5

+0.3
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Lublie X (con's)
LUTOH e (oul t) Vhseroved ifferencs
Sravity in mgals .
rrarme : s ol
Sordeaux aAirport.
Ty B3P 930,5778 gl
WoHO,I, 980.57890 0.2
Paris : 3
Le Bourz ¢ Airport - .
u.B.F; . 980,9498
ﬂ H 6T 980 .,9498 0.0
Orly Airvort
L 980.9157 . '
- T.E5.0. 5% . 980.9157 0.0
‘Paris Obscrvatory (new base)
B B Byl 930,9439 o
bR S T - 980, 9439 0.0
" Great Britain' s
- Glasgow, bcoul“nd o :
Unlver31ty -
&5,2,F; 981.5944
..n 5 5 981.,5942 -0.2
ureenW1eh uugxand \
B e = - 981.1308
s H 8 B 981.1904 -0.4
udlaburgh, abObland 7k .;,
SR e ~9813832 .
" S H O._m 981.5834 +QoE
__L’“"ﬁ 0'1 .uno- ld.r‘d.. i : ' -
Heath ﬁow Alrﬁort 4
i = i 3 -981,2015 »
WJH, O.;. 981.2015 0.0
feddl‘gton, snzland
NPL .
E.fgﬁ- a8 981.1962
W H O LR 281.1961 -0.1
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Eurous (enati)
mmat. Y i ——

Italy
fome
v j Clamulno alrport
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Table IX (con't)

Ohasrved Difference

Newfoundland Gravity in meals
Gender Airport
E.P.TF. 980.9590
VeHeDelo (‘:Olidﬂn) 980.95?6 -1.14'
¥W.5.0.I. (Frost) 980.9598 40.8

season’z work wiih the Cambridge pendulums. The original measure=-
ments made with Gulf pendulums in 1951 inve heen rejectiasd as not
having sufficlent accuracy for calibration purposes. The sescond
series of Gulf pendulum measurements made in 1953, while in substan-
tiel agresment with the Cambridge pendulum values, also suggesta a
"tare¥ between the 1952 and 1953 Dominlon Observatory msasurementse.
The U.S: Ocast and Geodetic Survey values, while in good agreement
by usual standards of comparison with the other pendulum values, are
not extensive enough to resclve the suggested discrepancy. In
order to settle this uncertainty which 1s critical, relative mee~
surenents are being made with the Gulf pendulums between Canada

and the United States connecting otservetion polnts occupied with
the Cambridge pendulums in 1952 and 1953, Unfortunately, the
rorults of these measurements will not be avallable in time for

the meetings of the International Association of Geodesy in
Septsmber 2s it had been hoped that an irnternmational gravity stan—
dard could be adopted this year.

The oiher problsm in connecilon with gravimster work, namely
Jumps in values, is similar to the base connection errors in
perduium work, and the only solutlon appears to be frequent
closures. For this reasor, the prograrm of gravimeter measurements
being made this cuvrmer involves & series of ¥leap~frog" connectlonsa
between the various bases as set forth in Table X.
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Table X
Itinerary, 1954 Gravimeter Prograsx
Wabhington - Pi. Lyautey - Tripoli
Tripoli - Athens —~ Rome - Athens - Tripoli - Rome
Rome -~ Madrid - ILisbon ~ Madrid - Rome

2eme - Tripoli - Kano -~ Leopoldville - Johannesmrg - Capetown ~
Jchannesburg

Johennesburg -~ Nairobl -- Khartoum - Cairo - Tripoli
Tripoli ~ Athens -~ Ankara - Athens -~ Rome

Rome =~ Zurich -~ Belgrads -~ Zurich -~ Rome

Home - Naples -~ London - Naples =~ Rome

Rome - Naples - London - Paris - Bad HEarzburg - London
london «~ Oop2nhagen — 08lo -~ Copenhagen -~ Lordon
London = Naples -~ Rome

Roms - Tripcli -~ Dhahran -~ Nicosia - Beyrouth - Nicosia -~ Tripoli-
Dhahran

Dhahran ~ Zarachi - Dehli - Calcutta - Bangkok - Saigon - Clark
(Manila)

Maniia - N. Borneo -~ Singapore - Darwin - Melbourne - Darwin -
Singapore - Manila - Clark - Manila - Clark

Clark — Tolkyo

ffokyo ~ Clark -~ Saigon - Bangkok -~ Calcutta — Dehll - Karachl -
Dhahran ~ Tokyo

Tokyo — Fawaii - Tokyo -~ Hawaii - Ssr» Francisco - Hawali - San
Franclsca

San Francisco - Washinzton -~ San Prancisco - Washinglon

Washinston = Westnver — Thiule - Wesicver — Tripolii -~ Westover -
Washington .- Westover - Washington

b e
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Table X (con't)
Washington - Mstile — Rio de Janeiro — Mobile
Mobile - Pansme ~ Mobile - Washingbon

Washington -~ Ottawa - Waahington
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APPENDIX

Part I
ATLANTIC - EUROPEAN AKEA

Azores
Belgium
British Isles
Denmark

France

French Morocco
Italy

rorway

Swedan



1'-
bzores

Terceira Island
Lagens Air Base
l. In lbbby alcove leading to terrace on field
side of terminal.

1948 Woollard#% Worden Meter 1Cb g 980.1760
1950 Harding#% Worden Meter 41 g 980,1759
1951 Woollard#% Worden Meter 1l0e g 980.1761
1951 Bonini % Worden Meter 10e g 980.1'764
1952 Wcollarad Frost Meter g 980.1770
1952 Bonini Worden Meter 126 g 980.1762
1983 Wwoollard Worden Meter 10e g 980.1763
1954 Woollard Jorden Meter 10f g 9$80.1760
1954 Woollard Worden Meteri%%ie g 980.1760

% o0ld site no longer avail
. Officers' Club, on top of front step, station entrance.

&y}

1951 Bonini Worden Meter 10e g 980.1646
1852 Woollard Frost Meter g 980.1623
1952 Bonini Worden Meter 126 g 980,1645
1953 Woollard Worden Meter 10e g 980.1649
1954 Woollard Worden Meter 10f g 980.1642
1954 Woollard Worden Meter 147 g 980.1642

3. On top of small brick wall on terminal side of
Portuguese Administration Building.(new terminal)
1951 Woollard Worden Meter 10e g 980.1759

1951 Bonini Worden Meter 1l0e g 980,1763
Belgium
Brussels

Airport, by telegraph booth under clock in
main lovby of terminal.
1953 Woollard Worden Meter 10e g 981.1613

British Isles

England

Blackbushe
RAF Base, at passenger entrance to old teru-
inal, to right rear when facing new terminal.
1952 Woollard Frost Meter g 981l.1550
1952 Bonini Worden Meter 126 g 981.1552
1953 Woollard Worden Meter 10e¢ g 981l.1552
1953 Woollard Worden Metver 142 g ©81.1551



British Tsles (continued)

England

Cambridge
University of Cambridge Pendulwum House un
Cbservatory grounds. Fendulun Bese,

1948 Woollard Worden Meter 10bh g 981.2684

1951 Woollard Worden Meter 1Ce g 98l.2681

1951 Bonini Worcel: Meter 10e g q81.26'79

1PER Sseilerd Frost Weter g 981l.2684

1952 Bonini Worden Meter 126 g 981. 2679
London

.1, Grosvenor Square, U.S., Naval Headquarters, on
left side of vestibule between inner and outer
docors of North Audley Street entrance.

1948 Vvioollard Woiden Meter 10b g 981l.2001
1951 Woollard Wordeii Meter 1l0e g 981.2000
1551 Bonini Worden Mster 10e g 981.2003
1952 Woollard Frost Meter g ©81..002
1952 Bonini Worden Meter 12¢ g 981.2001
1953 Woollard Worden Meter 10e g 981.2001
1953 Woollard Worden Meter 142 g 981.2001
1954 Woollard Worden Meter 10f g 98l.2002
1954 Woollard Worden Meter 147 g 981.2003

2. Hendon Airport, on ground to left of door lead-
ing from runway into lounge of terminal buillding.
1948 Woollard  Worden Meter 10b h 921,2066

3. Northolt Airport, Continental Departures Build-
ing, in customs room to right of door leading
to waiting room.

1248 Woollard Worden Meter 10b g ©981.2076
1982 Woollard Worden Meter 10e g 981.2081
1953 Woollard Worden Meter 142 g ©81.2080

4. Northolt Airport, at wall to right facing bar
in main terminal opposite the TWA Counter.
1953 Woollard Worden Meter 1Ce. g 981.2013

6. London Airpert (Heath Row), in passenger
lounge in front of PAA couater.
1954 Woollerd Worden Meter 10f g 981.2016
1954 Woollard Worden Meter 147 g 981.2014

7. London Airport (Heath Row), new terminal at
foot of left ramp to right gangway facing
terminai,

1954 Woollard Worden Meter 10f g 981.1995
1954 Wocliard Worden Meter 147 g ©981.2000
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British Isles (continued)

England

Londoa

7. Keysign Building, corner of Balderton and
Oxford Streets, Office of Naval Research
Head juarters, inside lobby to left of en-
trance,
1952 Wonllard Frost Meter g 98l.2013
1954 Wooilard Worden Meter 10f g 981.2009
1954 Woollerd Worden Meter 147 g 981.2C09

Teddington
l. National Physical Laboratories, Meterology
Building, room #11, on concreﬁe floér level .pler.

1948 Woollard . Worden Meter 10b g 981.1961
1951 Woollard Worden Meter 10e g 980.1960
1¢51 Bonini Worden Meter 10e g 981.196C0
1¢51 Bonini Worden Meter 1l0e g ©81.1961
1952 Woollard Frost Meter g 981.1962
1952 Bonini Worden Meter 126 g 981.1960
1954 Woollard  Worden Meter 1C0f g 981.1962
1954 Woollard Worden Meter 147 g 981.1964

€. National Physical Laboratories, Main Gate Lodge,
on north side of building next to drain.
1951 Bonini Worden Meter 1l0e g 981.1966

Ir=l1landg

Belfast
l. 60 Locksley Road, on hearth.
1953 Woollard Worden Meter 1lCe g 981.4964

2. On .ae corner of Claremont Street and University
Road lane on curb. (Murphy gravimeter station)
1953 Woollard Worden Meter 1l0e g 981.49S9S

3. Nutts Corner Airport, at corner of control
tower on manhole plate by road.
1953 Wwoollard Worden Meter 1lCe g 98.4789

ublin
Airport, on ramp area on side of terminal.
1953 Wooilard Worden Meter 10e g 981.3997

Dunsink
Pendulum Base in basement shop of the Astro-
nomical Observatorye.
1553 Woollard Worden Meter 1l0e g 981.3897



British Isles (continued)

Irelend
Shannon
Airport, Jjust inside terminal at transit
passenger door.
1952 Woollard Frost Meter g 98l.3421
1922 Bonini Worden Meter 126 g 98l..3418
Denmark
Copenhagen
. Kastrup Airport, outside at field entrance
for passengers to main terminal building.
1948 Woollard Worden Meter 10b g 981.5574
1853 Wooilard Worden Meter 10e g 981.5571
1983 Woollar Werden Meter 142 g 981,.5873
2. Kastrup Airport, inside terminal to left cf
door facing out.
1953 Wecollard Worden Meter 1l0e g 981.5570
Se Danish Geodetic Survey, on pier in gravity
vault. Pendulum Base. {(Buddinge)
1948 Woollard Worden Meter 1l0b. g 981.5574
4. Danish Geocdetic Survey, concrete slab on road-
way outcside entrance to gravity vauit.
18483 Wwoollard Worden Meter 10b g 981.5570
5. Danish Geodetle Institute, Proviantgaarden, on
pier in the office of Dr. Andersen.
1953 Woollard Worden Meter 1lCe g 981.5592
1953 Woollard Wordcn Meter 142 g 981.5594
Frauce
Paris
i. Orly airport, at MATS Terminal to right of
passenger entrance from field.
1952 Woollard Frost Meter g 980.9172
1952 Bonini Worden Meter 126 g 980.9157
2, Orly Airpor%t, in Officers' Club on hearth of

fireplace,
1952 Woollard Frest
1952 Bonini Worden

Meter g 980.,9175
Meter 126 g 980.9162



French Morocco

Port Lyautey
Naval Air Station

1.

O

Italy
Naples

On walk alcngside terminal building between
entrance to V-24 Operations office and waiting
room. (old terminsl)

1948 Wocllara Worden Meuver 10b g 979.6531
1950 Harding Worden Meter 41b g 979.6519
1¢51 Bonini wWorden Meter 10e g ©79.682%
1952 Woollard Frost Meter g 979.6505
1952 Bonini Worden Meter 126 g 979.6525
1954 Woollard Worden Meter 10f g 979.0551L%
1954 Woollard Worden dMeter 147 g 979.6517
Officer= Ciub. in front of reception desk.

1950 Harding Worden Meter 41b g 979.6442
1951 Bonini Worden Meter 10e g 979.6449
1954 Woollard Worcden Meter 10f g 979.6441
1954 Woollard Worden Meter 147 g ©879.6442
New terminal, on covered front porch facing

field, next to glass wall at center pane.
1954 Woollard Werden Meter 10d gz 279.6518
1954 Woollard Worden Meter 117 g 979.6517

Capodichino Airport

1

Ze

Norwa

Oslo
s

In terminal building in front of the tele-
grapk office. (clivillan terminal)
1951 Bonini Worden Meter 10e. g 980.2565

At MATE Terminal, inside door from field.

1952 Woollard Frost Meter g 980.2575
1952 Bonini Worden Meter 126 g 980.2572
1984 Woollard Worden Meter 10f g 980,2568
1954 Woollard Worden Meter 147 g 980,2564

Fornebu Airport, in terminal at cashieris
desk opposite weighing-in counter. E
1553 Wooliard Worden Meter 10e g 981,93%24
1953 Woollard Worden Meter 142 g 981.9322

Mineralogisk Geologish og Paleontalogisk
Museum, in baserment. (pendulum base)
1953 Woollard Worden Meter 10e g
1953 Wocllard Worden Meter 142 g

98l .9288
g€l , 9290

wooL



Sweden

Gothenburg
Airpert, at right edge of flagstone court
at runway, in front of terminal.
1953 Wwoollard Worden Meter 1Ce g 9861.7439
1953 Woollard Worden Mater 142 g 9861.7450



Part II
CENTRAL AMERICAN AREA

Briticsh West Indies
Costa Rica

Cuba

Guatemala

Honduras

Nicaragua

Panama Canal Zone
Puerto Rico

Salvador

Note: All values marked with # are reviscd veluss
o Cambridge Pendulum calibration



British West Indies

Aantigua
Coolidge AFB, airport waiting room, Just left
of information window.

1949 Harding Worden Meter 1i0c g

~a esed g%
:

oW

u)

St. Lucisa
Bzane Fleld, on cross walk =2long parking ramp
between crew and passengar walks to terminal.
1949 Harding Worden Meter 1l0c g $78.5349%

Trinided
Piarco Airport, in waiting room of terminal by
doorway to incoming customs and baggage room,

1949 Harding Worden Meter 10c g 978.1653%
1951 Bonini Worden Meter 10e g 978.1636
Costa Rica
(These values supercede those in Ref. No. 52-59)
San Jose

1. Punicipal Alrport, at Pan American Airway*
terminal at steps leading to office on field
level.

1952 Black Worden Meter 10e g 977.9485

2. Triangulation BM #17-SJ de lax Instituto Geo-
grafico de Ccsta Rica. Station is at SE corn-
er of control tower, on top of tower.

1952 Biack wcrden Meter 10e g 977.9436

3. Golf Club grourds at Instituto Geografico de
Costa Rica Magnetic station on top of concrete
plllar three inches below grotiide

1952 Black Worden Meter 10e g 977.9517
Lla juela

East cide of church at BM #44-C.

1952 Black Worden Meter 10e g 977.9706
Artieda

At triangulation station, on plague.

1952 Black Worden Meter 1lCe g 977.6669
Asuncion

On BM #249.

1952 Black Worden Meter 10e g 977.5169
Cariblanco

BM #798A.,
1952 Black Worden Meter 10e g 978.0138



Gosta Rica (continued)

Cirvelas

BM #114A, 150 meters west of highway.

1952 Black Worden Meter 1l0e g 9278.Cl52
Cartago

West side of plaza at BM (Vasquez BM #30C).

1852 Black Worden Meter 1l0Oe g 977.8854
Grecla

At Catholic church at east side of plaza at
entrance to church on top step, and three feet
west of doors leading to church.

1952 Black Worden Meter 10e g 977.9569
Ssparta

Catholic church on south side of plaza at BM #211.

1852 Black Worden Meter ]lOe g 978,.1699
Heredla

BM #1i-M. Over plate at north side of plaza, 100
feet east and 75 feet south of southeast corner
of post office.

1952 Black Worden Metexr 10e g 977.9333
Laguna

At centerline of church at portico.

1¢52 Black Worden Meter 10e g 977.7898
Loto

Inter-American Agriculture Institute at BM #99,

1952 Black Worden Meter 10e g 978.0699
Palmares

Catholic church at east side of plaza, 25 feet

west of entrance,at same level.

1952 Black Worden Meter 10e g 977.9831
Paraisco

BM #263.

1952 Black Worden Meter 1l0e g 977.9084
Puntarenas

North side of railroad station on steps at BM

CF 2.

1952 Black Worden Meter 10e g 978.2351

San Isidro
Astronomical and geodetic station on plaque.
1952 Black Worden Meter 10e g 977.9938



Costa Rica (continued)

San Jvan Narzanjo
£t northeast abuttment of culvert cn old BM
plaque now removed.

1952 Black worden Meter 10e g 977.943%
San Ramon

Southwest corner of Catholic church at BM #222.

1952 BRlack Worden Meter 10e g 977.9727
South Barrance Base

At BM,

1952 Bls.k Worden Meter 10e g 978.2141
Varablanca

BM #386.

1952 Black Worden Meter 10a g 977.63%64
Volcano de Irazu

BM #38C.

1952 Rlack Worden Meter 10e g 977.4755
sareero

Catholic church at centerline of church at
church door on west side of plaza.
1952 Black Worden Meter 10e g 977.5143

National Pendulum Base (San Jose) CRp.
1952 Black Worden Meter 10e g &77.9516

Cuba

Guantanamo Bay Naval Base
l. Naval Air Station, at terminal to which control
tower is affixed. Station ics at canopy farthest
from control tower end and at field end of canopy.
1951 Bonini Wordeinn Meter 10e g 978.7470

2. Air Officers Quarters, cn first floor in center
of room 6.
1951 Bonini Worden Meter 10e g 978.7495

3 Wharf (Pier) Baker, underneath sign "62" on
building 62 (smoke stack building) at center of
wharf, 100 feet from edge of wharf and 10 feet
above water level.

351 Boninil Worden Meter lOe g 978.7506



Guatemala

Guatemala City
Airport at middle of wall inside outgoing

customs room entering from waiting room. .
1949 Harding Worden Meter 10¢ g 977.9837%
1952 Black Worden Meter 1lCe g 977.9849

Honduras
Ticontin
Municipal Airport, in front of gate No. 5,
fifteen feet south of door at twelve foot
pillar.
1852 Black Worder Meter 10e g 978,0884
Nicaragua

Managua
Airport to left of field entrance to terminal

waiting room.
1949 Harding Worden Meter 10c g 978.2885%
1952 Black Worden Meter 1l0e g 978.2891
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Panama Canal Zone

Balboa
1. Albrook AFB, in MATS terminal at runway end of
of #Tc Planes" corridore.

1949 Harding Worden Meter 10c g 978.2444
Corrected to g 978.245%

1¢50 Harding Worden Metcr 41b g 978.2454

1950 Harding Worden Meter 4lb g 978.2452

1950 Muckenfuss Worden Meter 1Ce g ©978.2449

1951 Bonini Worden Meter 103 g 978.2452

#1952 Black Worden Meter 10e g 978.,2452

2

4,

S.

6.

% DBase value used ior 1952 surveye.

Albrook Field, Canal Zone Library, on first
floor of library west of 1lnner electric eye
door ané pillar by stairs. ,

1949 Harding Worden Meter 10c g 978.2433"
1950 Harding Worden Meter 41lb g 9786.243%

Albrook AFB, Officerst! Club, Room 9,
1952 Black Worden Meter 10e g 978.2407

Balboa YMCA, Commander Shelton's Pendulum base
in basement storeroom.

1949 Harding Worden Meter 10c g 978.2418%
1950 Harding Worden Meter 41b g 978.24k9
1950 Harding Worden Meter 41b g 978.2418
1950 Muckenfuss Worden Meter 10e g 978.2417
1951 Bonini Worden Meter 10e g 978.2418
1952 Black Worden Mater 10e g 978.2416

Balboa YMCA, on second fioor at left of heed of
stairs by wall, underneath light switch.
1951 Boniri Worden Meter 1l0e g 978.2396

Inter-American Geandetie Snrvey coffice, oun
Roosevelt Ave., Commander Shelton's gravimeter
base in northeast corner of northeast room.

1949 Harding Wordeu Meter 10¢ g 978.2418%
195C Harding Worden Meter 41b g 978.242¢

15th Naval District Headquarters, at front
entrance berneath green lamps on right side of
entrance at top of steps.

1951 Bonini Werden Meter 1l0e g 978.2390
1952 Biack Worden Meter 10e g 978.2391
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Panama Canal Zone

Balboa (continued)

8. Navy B0OQ, across stre
headquarters, ou pave
street level.

1949 Hsrding Worden Meter 10c g 976.2289%
1850 Herding Wordea Meter 41b g ©9S76.2392
1951 PRonini Worden Meter 10e g 978.2394
9. Pier 15C
1950 Harding Worden Meter 41b g 978.241%2
10. Pier Balioa C
1950 Harding Worden Meter 41b g 978.2405

1l. Pier 18, at post no. 3, close to Ladies' room
on shoreward end, ten feet above sea level,
1951 Bonini Worden Meter 1l0e g 978.2415

12. Rallroad Statioir, between ticket windows on
track side of station, track level.
1951 Bonini Worden Meter 1l0e g 978,2411

13. Rodman Naval Bz=se, at shore end ¢f cernter ¢f
three concrete piers next to large valve block
painted black and yellow.

1951 Bonini Worden Meter 10e g 978.,2408

Cerro Gordo (Hill)
l. In station building No. 1 near Pedro Miguel locks.
1949 Harding Worden Meter 10c g 978.1864%

2e In building Yo. 4.
1949 Harding Worden Meter 10c g 978.1879%

Coco Solc Naval Base
l. Southwest corner of Building No. 92, near en:z
of old pier, No. 1. . Pendulum Ease.

1948 Woollard Worden Meter 10b g 978,2590
19492 Harding . Worden Meter 10c g 978.2586%
1951 Bonini ~Worden Meter 10e g 978.2583
1952 Black Worden Meter 10e g 978,2596

2. At street door to Building No. 152 (contrcl
tower on ¢nd) close to NAS operations officer's
door,

1951 Bonini Worden Meter 1l0e & 978.2585
1952 Black Worden Meter 10e g 978.29589
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Panema Canal Zone (continued)

~

0ce Solo Bridge

BM on southwest c¢.rner of bridge over Coco Solo
River on Isthmus road.

1949 Harding Worden Meter 10c 978,2607 %

Cristobal
At Panama Railroad Building, (Ceptain of the Port
Building) on pier side of building underneath
0ld drinking fountain near employees! mens room,
on veranda. :

1951 Bonini Worden Meter 10e g 978.28563

Gatun Bridge
On northwest curb of bridge over Gatun River
on Isthmus road. _
1949 Harding Worden Meter 10c g 978.2974&

Madden Bridge
On northwest curdb of Madden Bridge over Chagres
River on Isthmus road.
1949 Harding Worden Meter 10c g 978.,2601%

Naos Island
South end of open shed T-317 at rcad junction of
Naos Island causeway at Army Pier road. e
19492 Harding Worden Meter 10c g 878,236L%

Pansma City
Alrport BM at "Y*" in airport road off Panama
Isthmus road.
1949 Harding Worden Meter 10c g 978.2551%

Queb Ancha
On northwest curdb of bridge of Panama Isthmus
rcad across Queb Anchia branch of Chilibre River,
1949 Harding Worden Meter 10c g 978,2480%

Rio Suecia Bridge
On southeast curb of bridge of Isthmus road at
Junction of Rio Bonito and Rio Sucia.
194¢ Harding Worden Meter 1l0c g 978.2853%

Tacumen Civilian Airport
i. To right of main entrance tc Immigration by
passenger waiting fence at TACA entrance
1852 Blaek Worden Meter 10e g 978.,2712

2., To lef't of customs entrance.
1952 Black Worden Meter 10e g 978.2694
1982 BRlack Worden Meter 1l0e g 978.26%95



Puerto Rico

Aquadilla
Over BM rlaque on step of west entrance 10
city hail.,

1949 Harding Worden Meter 10c g 978.6788%
Cabo Rojo
Over BiM in northwest corner ¢f cament piatform

in front of stnre on south corner of road Jjunc-
tion of Hignhway 18 and Puerto Real Road.
1949 Harding Worden Mcter 10c g 978.6634%

Mayaguez
Northeast corner of old power magazine building
Just south of Federal prison. Approximatie site
Lushenes penduvlum station USC & GS.
1949 Harding Worder Meter 10c g ©78.6663%

Ramey AFB
In MATS walting room in airport termrinal build-
ing, just socuth of street entrance.

1949 Harding Worden Meter 10c g 978.6609¥%
1851 Bonini Worden Meter 1l0e g 978.6610
Rincon

Over BM on northwest corner of cement platform
of railroad station.
194¢ Harding Worden Meter 10c g 978.6555%

San Juan
1. Municipal Airport Terminal at exit to street
gave of incoming customs and baggage room.
1949 Harding Worden Meter 10¢ g 978.5855%

2. "Alr Force Terminal" room, to right of door,
station is across street from municipal terminal,
1950 Harding Wordern Mcter 41b g 978.8851

3., House of Representatives, west wing, west of
entrance to northwest room in basement.
1950 Harding Worden Meter 41 g 973.677¢ -

Salvador

San Salvador
Airport terminal, in customs walting room at
doorway to men's room.
1949 Harding Worden Meter 10¢c gz 978.191X
1952 Black Worden Meter 10e g 978,1915



Part III

NORTH AMERICAN AREA

Canada

United Statss



Canalse

Newfoundland

Argentia

1. 4rgentia Naval Air Station, old terminal inside
hangar by waiting room door, (Coast Guard hangar)
1960 Harding Worden Mster 41t = 980.8549
1951 Bonini Worden Meter 10e 980,8543
1952 Woolliard Froet.. Mster 980,.8565
1952 Bonini Wordsn MNeter 126 980,85486
1953 Wooliard Worden Maoter 10e $80.86546
1553 Wooliazd Worder. Meter 142 980,8549
1953 Woollaurd Worden Metver 10f 980,8547
1954 W¥Woollard Worden Meter 147 980,8552

2

New terminal, Just inside lobby at field entrance.

1953 Woollard Worden Metor 10e 980.8532
1953 Woollard Worden Metar 142 980,8541
1954 Woollard ¥orden Meter 10f 980.8539
1954 Woollard Worden Meter 147 980.8541

Gandsr Air Force Base

In southeast corner of Hangar #22 field door,
opposite Imperial Esso office bteneath elesctrical
sawitchboard,
1958 Woollard

LY L~

Frost Mstar 980.9598
1952 Benini

Worden Mater 126 980,%576
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United States

Alabama

Birminghan

1. Munieipal Airport, i1our feet east of north-
east corner of stecl fence around ramps.
1982 Black Worden Meter 10e g 979.5398

2. Municipal Airport, on porch on field side of
terminal beneath Eastern Airlines neon sign,
cne foot above field elevation.

195X Bonini - Worden Meter 10e g 979.5%36
Mobile
.. Bates Field, to right of main gate at sidewsalk
and runway under parapet.
1952 Black Worden Meter 10s g 979.3409
2. Bates Field to left of field entrance to terminal.
1949 Harding Worden Meter 10¢ g 979,3405%
1550 Harding Worden Metsr 1l0e g 979.3403
1950 Harding Worden Meter 41b g 979.3402
1950 Muckenfuss Worden Meter 1l0e g 979.3403
1950 Muckenfuss Worden Meter 41b g 979.3406
1951 Bonini Worden Meter 1l0e g 979.3404

3. Brookley Air Force Base, outside MATS terminal
on ground near Gate #Jl.
1950 Muckenfuss Worden Meter 1lCe g 979.3552
1950 Muckenfuss Worden Meter 41b g 979.3855
195]. Bonini Worden Meter 10e g 979.3553
1952 Black Worden Meter 10e g 979.3553

4., Brookley Air Force Bass, MATS terminal next
to baggage room door.

1849 Harding worden Meter 10c g 972.3581%

1950 Harding Worden Meter 1lCe g 979.3550

1950 Harding Worden Meter 41b g 979.3548

1951 Bonini Worden Meter 1l0e g 979.3550C

1952 Black Worden Meter 10e g 979.3549
Montgomery

Municipal Airport, at instrument shack for
battery charger of Eastern Airlines.
1852 Black worden Meter 10e g 979.5108



United States (continued)

District of Columbla

Washington

- 8-

1. Bureau of Standards, street level %to right of
main door on west side of eact building at

foot of stejs.
1951 Bonini
1952 Woollard

Worden Meter 10e g 980,09
Frost Meter g 980.0%9

78
[
74

2. Bureau of Standards, sub-sub-basement,, at foot
of steps, penduluvm base.
1948 Woollard Wordcn Meter 10a g 980.0997
1950 Harding Worden Meter 41b g 980.0994
1951 Bonini Worden Meter 10e g 980.0996
1954 Woollard Worden Meter 1Cf g ©80.0994
1954 Woollard Worden Meter 147 g 980.,0994
3. Geopnysical Laboratory of Carnegie Institute,
on top of pendulum pier in basement.
1950 Harding Worden Meter 41 g 980.1004
1952, Bonini Worden Meter 10e g 980.1006
1984 Woollard Worden Meter 10f g 980.1006
1954 Woollard Worden Meter 147 g 980.1008
4, Geophysical Laboratory of Carnegie Institute.
at parking lot level rext to BM Zl on south-
west corner of building.
1950 Harding Worden Meter 41b g 980.10C0
i9251 Bonini Worden Meter 10e g 9380.10C0
1952 Woollard Frost Meter g 980.0998
8. National Airport, Civilian Terminal, at Easter
Airlines Baggoge Office at £ileld level on fiel
side ¢f building.
1949 Harding Wcrden Meter 10c g 980.1099
1950 Muckenfuss Worden Meter 10e g 980.1098
1950 Harding Worden Meter 41b g 980.1098
1951 Woollara worden Meter 10e g 980.1098
1951 Bonini Werden Meter 10e g 980.1098
1952 Black Worden Meter 10e g 9£0.109&
1982 Biack Worden Meter 10e g 930.1098
6. Naticnal iirport, Civilian Terminal, on car

parikiing side of terminal, directly beneatn "w*
in large gold letters of "Washiington National.

Airport" sign, between iwo pillars.

980.1.089
£ 980.1090

1951 PBonini Worden Meter 10e g

1952 Black Worden Meter 10Oe

1954 Woollard Worden Meter 1Cf g 980.1089
1954 Woollard Worden Meter 147 g $80.1089
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vnited States (continued)

Distriect of Ceclumbia

Washingtcn

7. Commerce Building, on pendulum pler in gravity
vault. '
1948 woo!lard Worden Meter 1Ca g 980.1190
1948 Woollard Worden Meter 10b g 9860.11%0
1349 Harding Worden Meter 10c g 930.1190
1950 Harding Worden Meter 4l1b g 980.1190
1950 Muckenfuss Worden Mcter 10e g ©80.1190
1954 Woonllard Worden Metzor 16f g 98C..190
1e84 Woollard Wordern Meter 147 g $20.,1189

8. Commerce Building, in north driveway o south
courts on east side of building on sou:ih curb
by iron gate. {(14th St. side of building)

1950 Herding Worden Meter 41b g 980.1182
1950 Muckenfuss Worden Meter 1l0e g 980.1182
1951 Bonini Worden Meter 1lCe g ©00.1182
1952 Woollard Frost Meter g 980.1182%
1952 Bonini Worden Meter 126 g 980.,118c%
1953 Woolliard Worden Meter iCe g $80.1i6z®
1953 Wcellard Worden Meter 142 g 980.1132%
1954 Wcollard Worden Meter 1Cf g 980.1182%
1954 Wcollard wWorden Meter 147 g ©$280.1182%

% Bacc value for 1952, 195%.and 1954 trips.to
Eurore.
9. Union Station, on plziform on concourse side to
right of gate #4.
1948 Woollard worden Meter 1l0c g 980.1169

1248 Harding Wordern Meier 10c g 980.1173
1983 Wcollard  Wordsn Meter 10e g 980.1174

1953 Woollarad Worden Meter 142 g 980.,1175

10. Cosmos Clut, Z2ig2l Constitution Avenue, inside
foyer, to left of inner entrance docor by mail
boxe.

1954 Woollard Worden Meter 10f g ©80.1138
1954 Waollard Worden Meter 147 g 980,1139

Florida
Pensaccla
i. Seufley Field Naval Air Station, to left of
building No. 8034 (entrarce) beside control
tower., ;
195G Muckenfuss Worden Meter 10e g 979.3587

o

Municipal Airport., at concourse, under the letter
"FY in sign "Pensacnla, Fiorida.®
1952 Black Worden Meter 1lCe g 979.364%
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United States (continued)

Georgia

Atlanta

1.

+

To right of Gate #11, at Commercial Flelid
(temporary Air Terminal), .

1950 Muckenfuss Worden.lMeter 10e g $79.5213
1951 Bonini Worden Meter 10e g 27¢.S5218

2, Inside terminal by barter shop and drinking
fountain.
1951 Bonini Worden Meter 10 g 979.5212
3. Municipal Airport, Gate #l.
1952 Black Worden Meter 10e g 979.5215
1852 Black Worden Meter 1l0& g 972.5216
Illinois
Chicsago

1.

Midway Commercial Airport, on floor in hall,
street side of terminal at entrance tec Capitol
Airlines.

1948 Wwoollard  Worden Meter 10b g 980.2863
1950 Woollard Worden Meter 41b g 980.2867
1950 Muckenfuss Worden Meter 10e g 980.2863
1951 Wocllard Worden Meter 10e g 980.2859
1952 Woollard Worden Meter 1l0e g 980.2871
1952 Black Worden Meter 10e g 980.2860
1952 Black Worden Meter 14b g 980.2861
1952 Wocollard  Worden Meter 10e g 980.2859

Midway Commercial Airport, old terminal, to
right of passenger entrance.
1952 Black wWorden Meter 14b g 980.2832

Union Station at Gate #1, Milwaukee Railroad
side.

195% Woollard Worden Meter 10e g 980,2919
1953 Woollard Worden Meter 142 g 980.2927
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ates (continued)

Maryland

Patuxe
I

i.

nt+
Naval Alr Station, on floor on runway side of

terminal building a2t barrier across lounge.

1948 Woollard  Worden Meter iCa g 980.,0z62
1950 Barding ‘Worden Meter :=1b g 980.C258
195C Muckenfuss Worden Meter 10e g 980,0229
1951 Bonini Worden Meter 1Ce g 980.026%2
1952 Wweollard Frost Meter g 980.02€3
1952 Bonini Worden Meter 126 g 980.0254
1953 Woollarad worden Meter 1Ce g 980.0261
1954 Woollard Worden Meter 10f g 980.0256
1954 Woollara Worden Meter 147 g 980.,0257
Naval Alr Staticn, inside gatc ot guard house
on walk to building #302.

1954 Woollard Worden Meter 10f g 980.0205
1954 Woellard Worden Meter 147 g 980,0207

Massachusetts

Bpston

T

Soutl. Station, on floor at east end of waiting
rooir in telephone alcove on far side of desk
of switchboard operator.

Worden
Worden
worden

Worden

Meter 10Db
Meter 10c¢
Meter 10e

Meter 10e

g
g
g

g

980.,3979
980.,3967
980.,3969

980.4016

Railroad Station, on level of platform #1,

about 100 feet toward end of platfourm beyond

Worden Meter 10b g

580.3614

Railrcad Station, at south corner of entrance,

worden Meter 14bh g 980,3627

1948 Woollard
1949 Woollaru
1953 Wocllard
2. North Station at Gate #18.
1953 Woollard
Springfield
h|
elevator.
1948 Woollard
0
1952 Black
Westover

Alr Force Base (near Chicopee) in corner of
alcove of terminal waiting room next to rear

door
1942
1948
1949
1951
1993

TAQRO
Raier

leading across tracks to cafeteria.

woollard Worden Meter 10a g 280,3557
Woollard Worden Meter 10b g 980.3553
Harding Worden Meter 10¢ g 980.3544
Woollard Worden Meter 10e g 980,3551
Bonini Worden Meter 10e g ©980.,3554
Black Worden Meter 14b g $80.,3555
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States {(ccntinued

C NS

Massachusetts

Winchedon

Raillroad Staticn, north end ot station.
1953 Woollard Worden Meter 10e g 980.351%2

Michigan

Detrnit

Willow Run Airport, beneath Gate #17 sign
under covered walk.

1949 WYWoollard Worden Meter 1l0c g 980.3189
1920 Harding Woraen Meter 1l0e g 980.3182
1950 Harding Worden Meter 4ib g 980.3183
1950 Muckenfuss Worden Meter 10e g 980.3218E
1950 Muckenfuss Worden Meter 41b g <20.3181
1951 Eonini Worden Meter 10e g ¢80,.3186
1968 ."BEluek wWorden Meter 10e g  €80.3185
1952 Black Worden Meter 14b g ¢£80.3189
1954 Woollard Worden Meter 10t g ¢<8&0.3184
1954 Woollard Worden Meter 147 g ¢€80.3182

Mew Jersey

Princeton

Guyot Hall at Princeton University, outside
basement entrance.

1852 Woollard Frost Meter g 980.,1792
1953 Wocllard Worden Meter 10e g €80,1902

“ i\ e

New York

pr York

i Ja Guardia Aerort, on floor of corridor out-
side standvy waliting rcom of American Airiines
at Ganguay #4.
198C Harding worden meter 41b g 980,z818
1951 Woollard Worden Meter 10e g 980.20623

2. La Guardia Airport, Gate #6, Capitol Airlines
Baggage Counter.
1952 Black Worden Meter 14b 280.2818

3. Idlewild Airport, right side of exit corridor

from customs room to taxi stand.
1853 Woollard Worden Meter 10e g 980.2265

(=]
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United States {(zontinued)

New York

New York
4. Grand Central Railroad Station, on floor in
corner of conccurse between gates leading to
tracks 30 and 32.
1948 Woollard Worden Meter 1Cb g 980.2673
1950 Harding Worden Meter 41b g 980.2682
1253 Woollard Worden Meter 1l0e g 980.2678

5. Northwest and Capitol Airlines ticket office
across from Grand Central Station, Alr Terminal.
1952 Black Worden Meter l4b g 980.2678

6. Pennsylvania Station, on floor in main lobby
at base of stsps leading up to 3lst Street and
to right of office door of Pennsylvania Rail-
road Travel Bureau 0ffice.

1948 Woollard Worden Meter 10b g 9280.2663

1949 Harding Worden Meter 10¢ g 280,2653

1952 Black Worden Meter 1l4b g 980,2665
Palisades

Lamont Observatory in gravity room of baserent,
on the floor.

1949 Woollard Worden Meter 10c g 980.2582
1982 Woollarda Frost Meter g 980.2597
1952 woollard Worden Meter 10e g 980.2591
Ohio
Cleveland
1. Municipal Airport at Gate #6 on runway side.
1948 Woollard Worden Meter 10b g 980.2321
1950 Harding Worden Meter 10e g 980.2319
1950 Harding Worden Meter 4lb g 980.2218
1550 M zkenfuss Worden Meter 41t g ©80.2316
1951, Bo.ini Worden Meter 10e g 980,2321
1954 Wnollard Worden Meter 10f g 980,2321
1954 Woollard Worden Meter 147 g 980,2316

2., Municipal Airport, to rig.t of Gate #3.
1982 Black Worden Meter 14b g 980,2323
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United States (continued)

Pennsylvania

Pittsburgh
1, Allegheny County Airport, on runway tc left
of Gate #5 leading to terminal wuilding.

1948 Woollard Worden Meter 1Cb g 980.039C1
1950 Harding Wordern. Meter 10e g 980.0893
1950 Harcing Worden Meter 4lb g 98C.0893
1950 Muckenfuss Worden Meter 10e g 980.0896
1950 Muckenfuss Worden Meter 41b g 980,089l
1951 Bonini Worden Meter 10e g 980.0895

2. Ureater Pittshurgh Alrport, at Gate # 9a,
1954 Wocllarcd Warden Meter 10f g 280.0992
1954 Wcollard Werden Meter 147 g 980.0322

Wisconsin
Madison

l. University of Wisconsin, Science Hall, outside
basement Room #7.

1949 Harding . Worden Meter 10c g 980.,3677
1980 Harding Worden Meter 10e g 980,30685
150 Harding Worden Meter 41b g 980.3684
1950 Harding Worden Meter 41b g 980.3681
1950 Muckenfuss Worden Meter 1l0e g 980.3683
1680 ekenfuse Worden Meter 41b g 980.3682
1951 Woollard Worden Meter 1lOe g 980.3681
4951 PBonini Worden Meter 10e g 980.3686
1952 Woollard Worden Meter 10e g S860.30685
1952 Black Worden Meter 1l0e g 980.3683
1952 Black Wordcn Meter 10e g 980.3665
1952 Black Worden Meter 14b g 280.3684
1953 WVoollard Wovrden Meter 10e g 280.3684
1953 Woollard Wordzn Meter 142 g 980.2685
16954 Wocllard Wordern: Meter 10f g 980.3%3684
1954 Wwoollard Worden Meter 147 g 980.,3885

Z2. Milwaukee Kailroad Statiocn, on floor of waiting
room between north and south doors a2t west end

cf waiting room.

1953 Woollarg Worden Meter 1lO0e g ©80.3684

195 Woollard Worden Meter 142 g 980.3683

3. Milwaukee Railroad Station,
end of express company offic

Srm and on conerete slab.
1951 Woollard Worden Meter 10e g 980.3684

t water lines beyond
at end of plat-

a
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United States (continued)

Wisconsin
Madison

4, Truax Fleld. on sidewalk at roadway side of
terminal building, main entrance.
1950 Hardlng Worden Meter 4% g 980,3719
1951 Bonini Worden Meter 10e g ©30.3724
1952 Woollard Worden Meter 10e g 980.,3723
1952 Black Worden Meter 1l0e g 980.3719
1952 Black worden Meter 1l0e g $980.3720
1952 Black Yorden Metar 14b g 980.3720
1954 Woollard Worden Meter 10f g 980.,3721
1954 Woollard Worden Meter 147 g 980.3719

Milwaukee .

1. Milwaukee Hallroad Station, in corner by Gate #4,
next to building, al track level.
125% Woollard Worden Meter 10e g $80.,3695
1953 Woollaré  Worden Meler 142 g 980.3097

2. Mitchell Field, by cornerstone neazr Gate #5 on
field side.
1981 Bonini Werden Meter 10e g 980.,3604
1952 Black Wecrden Meter 10e g 980.3593
1952 Blsack Worden Meter 10e g 980,3600
1252 Black Worden Meter 14b g 980.3503



SOUTH AMERICAN AREA

Argentina
Belivia
Brazil
British Guiana
Chile
Colombia
Dutch Guiana
Ecaador
French Guiansa
Paragueay

Peria

Traguay

Venezuela

Note: Values marked with # are revised to conform
to calibration based on Cambridge Pendulums.
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Argentina
Bahia Blanca Buenos Alres
S.A. 11C
1. Airport, 10 meters north of Airlines Building
and 2 meters north of base of antenna tower.,
1952 Black Worden Meter 1l0e g ¢80.069€
1952 Black Worden Meter 1l0e g 380.06%4
2. Railroad Station at BM #1008,
1952 Black Worden Meter 10e g 980.0836
3. School #2, Valentin del Gado,
1952 Black Worden Meter 1l0e g 980,0619
Buenos Aires Buenos Aires
S.A. 10C
l. Aeropuerto Pistarini, southwest corner and

2.

Se

4.

under parapet at restaurant.

195z Blacv Worden Meter 1Ce g 979 7334
1952 Black wardasn Meter 1Ce £ ©T72.7244
Aercpuerto Pistarini, about 4 meters northwesu
of Gate #3 1in triangle of grass between side-
walks beside flat concrete covera.

1952 Black Worden Meter 10e 979,7338
1952 Black worden Meter 10e 979.7337

Aerovuerto Pistarini, at Naval Mission Main-
tenance shops 200 yards north of #2 staticn
and 200 yards west of #l.

1952 Black Worden Meter 1l0e g 979,73Z5
Moron Iglesia (church) .
1949 Harding Worden Meter 10c g 979.7070%
Municipal Airport, a2t base of radio antenns.
1982 Blagk Wowrden Meter 10e g 2739,7085
1952 Black Worden Meter 10e g 979,7057

Municipal Alrport, at Buglietto's station.
1952 Black Worden Meter 1l0e g 979.7054

Pilar de Direcion General del Servico Meteor-
ologico National Villa Ortazar. Pendulum Base,
1949 Harding Worden Meter 10e¢ 979.7077 #
1952 Black Worden Meter 1Ce 979,.7078

Pilar de Gravidad absoluta en la installaciones
Alvarez Concarze de IGM, 1 meter towards door
at floor levei.

1¢%2 Black Worden Meter 102 97¢,70605
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Argentina

Buenos Aires (continued)

9 IGM Pilar de Gravidad &des Potsdam.
1952 Black Worden Meter 1l0e g 979,.,7046
10. Policia Caminera, north peint of San Justo
Base Line, . =
1949 Harding Worden Meter 10c g 979.7114
ili. Trans Radic Statlon, across highwav onposite
Trans Radio Road. *
}838 E rgi é or én Lg er 8c é 873 258
Commodoro Rivadavia Commodoro Rivadavisa
S.A. 112
l. Airport, southeast corner of main building on
sidewalk. .
1952 Black Worden Meter 10e g 980.6636% ¥
2. YFF warehouse, second building from main en-
trance to areca in basemeni al irst pillar,
1952 Black Worden Meter 10e g 980,6835™
Cordoba Cordoba
S.A. 103
l. Ailrport, east entrance to basement at corner
of sidewalk,
1952 Black Werden Meter 10e g 979,3285
1952 Black Worden Meter 1Ce g ©79.3285
2. Astronomic Observatory, in basement at gravity
pillax.
1949 Harding Worden Meter 10c g 979.34a22%
1952 Black wWorden Meter i0e g 979.5433
3. Farque Sarmiento.
1949 Harding Worden Meter 10c g 979.3440
Jujuy Jujuy
S.A. 107
Airpcri, at entrance to Aerolineas Argentinas
Office.
1952 BRlack Worden Meter 1Ce g 978.4652
1952 Black Worden Meter 1Ce g 978.4604
La Plata Cordoba

S.A, 101, A.l6

o +'C.\ TMELLE un:;;uJiMuJ,

Observatory, Penduium Station.

1949 Harding Worden Meter 10c g 979.7534%
1952 RElack WO aen Meter 1Ce g ©79.75%4
195 Blosk Worden Meter 1Ce g S79.7084
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Argentina {continued)

Mar del Plata Buenos Aires
S.A. 119
ls "irpcrf passenger entrance at door ungder
parape leading to car stop.
1852 Black Worden Meter 10e g 980.0198%—
2. Plaza Rocha, piliar of IGM, Baglietto Station.
1952 Black Worden Meter 10e g 980.0353%
3. Hotel Soldini, 2523 Mcreno, 3 feet inside door,
IGM penduliuim statioii.
1952 Black Worden Meter 10e g 980.0386%
Xeglo Buenos Aires
Railroad Station, east end at street.
1949 Harding Worden Meter 10c g 979.711¢%
Moreno Buencs Airas
A-2
Rallroad Station, west end Boulevard al Carte.
1949 Harding Worden Meter 10c g 979.7C78%
Oran Saita
S.A. 108
Airport, southeast corner of main building on
checkered walk.,
1952 Black Wordern. Meter 10e g 978.6402
1952 Black Worden Meter 10e g 978.6403
Pergamino pDuenogs Aires
AT
Railroad Station, _
1949 Harding Worden Meter 10c¢ g 9795.6236%
Pilar Buenos Aires
A-5
Railroad Station. :
1949 Harding Worden Meter 10c g 979.6940%#
Puerto Deseado Commedoro Rivadavia
S.A. 113
Airport, at door to restroom.
1952 Black Worden Meter 10e g 980.8590
Rio Cuarto Ccocrdoba
ﬁ.-lz
Railroad Staticn.
1949 Harding Worden Meter 10c g ©979.4804¥%

fﬂt 0.3 mgals uncertainty.
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Argentina (continued)

?

Rio Gallegos Santa Cruz
S,A. 116
1. Infraestuntare Alrport, at southeast corner of
radio shack.
195z Black Worden Meter 10e g 981.2048F
£. Aerolineas Argentinas, southwest ccorancr of
restaurant.
1952 Black Worden Meter 10e g 981.2026%

3, National School #1, west side of steps to
entrance.

1952 Black Worden Meter 1Ce g 981.2128%¥
Ric Grande Tierra del Fuego
S.A. 117

Aeropuerto de Marina, southeast corner of
waiting-room,

1252 Black Worden Meter 10e g 981.,43547
1952 Black Worden Meter 10e g 981.,4331l7%
Rosario Santa Fe
A-17
School Basement. "
1949 Harding Worden Meter 10c g 979.5652
Salta Salta
S.A. 106
Airport, southwest corner of building at patio.
1952 Black Worden Meter 10e g 978,5007
1952 Black Woarden Meter 10e g 978,.,500C8
San Antonio de Areco Buenos Alres
A-6
Railroad Station.
1249 Harding Worden Meter 10¢c g ©27C.67¢2l1
San Julian Santa Cruz
S.A., 114
Airport, southwest corner of Aero Ciub shack.
1252 Black Worden Meter 10e g 981 .,0131%
San Miguel Buenos Aires
A-1

Railroad Stztion, nine meters from west end. %
194¢ Harding Worden Meter 10c g 979,7087

0.3 mgals uncertainty.
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Argentina (continued)

Santa Cruz Santa Cruz
S.A. 115
Airport, northeast corner of Airlines shack.
1©52 ©bpiack worden Meter 10e g 981.0463
Santiago del Estero ~ Santiago del Estero
S.A. 104
Airport, southeast corner of main building.
1¢52 Black Worden Meter 10e g 979,1009
Tartagal 3alta
S-A. 108
Airport, southeast corner of Meteorology House
cn walk.
1852 Black Worden Meter 10e g 978.5959
Temperiey Buenos Lires
A-4
On street outside of pendulum base,
1949 Harding Worden Meter 10c g 979.7206%
Trelew Chubut
S.A. 1ii
l. Airport, centerline of west side of sidewalk.
1952 Black Worden Meter 10e g 980.4%5%
2. HRallroad Station, street side level with tiacks.
1952 Black Warden Meter 10e g 980.4637
Tucuman Tucuman
S.A., 105
Airport, southwest corner of building at car
shielter,
le&ss Bleael Worden Mcter 10e g ©78.8088
less Elagk Worden Meter 1l0e g 978.9087

Ushuaia Tierra del Fuego
S. > e lls

X P ravity station at the off'ice ¢of the chief of
police.

1352 Black Worden Meter 10e g 981,4856%

4y}

. Penitentiary, cellblock B, £9 meters north of
pendulum base.

1952 Black Worden Meter 10e g 981.5047f

3 Nawval Port, in front of the Casino de Salteras.

1952 Black Worden Meter 10e g 961.4843%

f-f’u.3 mgals uncertainty.
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Argentina

Ushuaia (continued)
4, Alrport., Baglietto's Station.

g 98l.4847¢

£ 97%.6292

1352 Black Worden Meter 1Ce

A-8 Santa Fe
Bridge, 288-289 km from Buenos Aires on Route 8
1¢49 Harding Worden. Meter 10c

A-9 Santa Fe

Culvert, 420.7 km from Buenoas Aires on Route 8,

on east side of culvert.

1949 Harding Worden Meter 10c

A=10 Santa Fe
Culvert, 482.% xm from Buenos Aires on Route 8.
1949 Harding Worden Meter 1lOc¢

A-11 Cordoba
Road junction, 553 k¥m from Buenos Aires on Route 8.
1949 Harding Worden Meter 10c

A=13 Cordoba
Bench Mark PF 55 N 9.
1949 Harding Worden Meter 10c

A-18 Santa Fe
Bridge culvert, 354.6 km from Buenos Aires on
Route 8.
1249 Harding Werden Meter 10c

Bolivia
lLa Paz
S.A.82 La Paz

g 979.5872%

g 979,55Z2%

g 979.,4045%

g 979.6239%

1. Airport, =2U junction of sidewalk and runway

leading to Braniff Building.

g 977.,35%1

g 977.3519

1952 Black Worden Meter 10e
2. Panagra Terminal at junction of runway and side-
;3%%' Black Worden Meter 10e
Santa Cruz Santa Cruz
S.A. 83

Airpcrt, at gate leading tc Braniff Airlines

shack.,
1952 Black Worden Meter 1l0e

¥ 0.3 mgals uncertainty.

g 978.2663
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Brazil
Alegrete Rio Grande c¢o Sul
S.A. 167
Airport, at fence and sidewalk,
1952 Black Worden Meter 10e g 979.2941
aracaju Sergipe
S.A. 179
Airovort, at wind sock.
1¢52 Blaclk Worden Meter 1Cs g 972.5142
Aracat Ceara
S.A. 186
Airport, 30 yards north of wind sock.
1952 Black Worden Meter 1l0e g 978,1C05
Aracatupa Sao Paulo
S.A. 128
Airport, at baggage ramp at southeast corner
of main building.
1952 Black Worden pMeter 1Q0e 375 .5883
1952 Black Worden Meier igg & §18 15855
Aragarcas Golas
S.A. 147
Airport, at parapet shelter on left side of
ariere
1952 Black Worden Meter 10e g 978.3225
Araguaisa Goias
S.A. 156
Airport, at gate leading to first tower Aereo
Radio ZW-Ai,
1952 Black Worden Meter 10e g 97{.0482
Assu Rio Grance do Norte
S.A. 184
Adrport, £C yards south of scuthwest corner of
building.
i%%2 Black Werden Meter 10e g 978.0£85
Bage Rio Grande do Sul
S.A. 171

Airport, at entrance to Administration Building,
ground level,
1252 Black Worden Meter 1Ce g ¢79.4141
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Brazil (continmed)

Bauru Sao Paulo
S vo :‘LSl
"Praca Principal" centerline of east side on
sidewallk.
1952 Black Worden Meter 10e g 978.6135
Belem Para
S.A. 162

l. Val de Cans Airport, inside control tower builid-
ing, first door to right of main entrance from
field, next to DAC desk.,

1951 Bonini Worden Meter 10e g 978.0554

Ze Pan American Airways terrminal, in arcade be-
tween administration offices and resvaurant,
about 500 feet from control tower building.
1249 Harding Worden Meter 10c g ©78.0355
1951 Bonini Worden Meter 1Ce g $S78.0352 .

3o Fuersas Aereas de Brazil, ncrtheast corner of
maintenance shack,

1952 Black Worden Meter 10e g 978.0083
4, Casino Hocel, apartment #4.
i¢s52 Black Worden Meter 10e g 978.0275
Belo Horizonte Minas Gerais
S.A. 144

Alirpori, southwest corner of junction of west
sidewalk and ramp.

1952 Black Worden Meter 10e g 9878.4030
1952 Black Worden Meter 10e g 978.4C20
Bocucatu Sao Paulo
S.4. 133

*Praca Col. Moura®, £0 feet north of entrance
on sidewalir,

1952 Black Worden Meter iCe g 978.5792
Brasileia Acre
S.A. 200

Airport, at parking ramp, field level.

1952 Black Worden Meter 10e g 978,1595
Cacapava Sao Paulo
S.A. 12

At junction of Rio de Jarneiro to San Psulc
highway and road west to Cacapava at Esso
Station.

1952 Black Worden Meter 10e g 978,6514



Brazil (continued)

C=zceres Mato Grosso
S.A. 190
aAirport, centerline of warehouse, field side.
1952 BRlacik Worden Meter 10e g 978.%3992
Campo Grande Mato Grosso
S.A. 138

1. Fuersas Aereas de Brazil Airport; at base of
west steps to administration building from
field side.

1952 Black Worden Meter 1C0e g 978.5C84

2. Municipal Airport, at entrance to gasoline pumpe.

1952 Black Worden Meter 10e g 978.5(20
Campcs Rio de Janeiro

Scde 1TE
Airport, 40 meters due south of southwest corner
cf hangar.

1952 Black Worden Meter 10e g ©78.7245
Canavieras Bahia
S.A. 176
Airrert, 20 yarcds nocrih of unortheast corner of
Fuersas Aercas de Brazil house,
1952 Black Worden Meter 10e g 978.4%24
Caravelas Bahia
S.A. 174

Airport, on east wall of terminal 2%t aircrart

T
PEIrdiNg TaliDe

19492 Harding Worden Meter 10c g 978.5283
1952 Black Worden Meter 1l0e g 978.5286
Carolina Golas
S.A. 157
Fucrsas Aereas de Brazili Airport, at radio
shack.,
1952 Black Worden Meter 1Ce g 978.C495
Conchas Sao Paulo
S.A. 134

“"Praca Principai®, 50 feet north of center line
of west side on sidewalk.
1952 Black Worden Meter 10e g 978.6629



Brazil (continued)

Cruz Alte Rio Grande do Sul
S.A. 165
Airport, at bacse of highest radio antenna.
188z Black Worden: Metei 10e g 979.078%
Cruzeiro do Sul Acre
S.A. 197
Airport, at parking ramp, field level.
1952 Black Worden Meter 1lCe g 978.1115
Cuiabe Mato Gresse
S.A. 189
Airport, at northeast corner of small hangar at
gas dump.
1952 BEliack Worden Meter 10e g 978.3616
Curitibke Parana
S.A., 122

Alrpert, o porcnn at entrance, 3 feet higher
than ground and 15 yards from Gate "A"

1952 Black Worden Meter 10e .g- 978.791$
1982 Black Worden Meter 10e g 978,.7226
1952 Black Worden Meter 10e g 978.7913%
meplanada Bahia
S.A. 178
Airport, 1C 7zids north of gate to administration
buiiding.
1952 Black Worden Meter 10e g 978.2639
Fazenda Firme ¥Mato Grosso
S.A., 141
At main house in guest room.
1952 Black Worden Meter 1l0e g 978,.6064
Fazenda San Juan de Piquiri Mato Grosso
Airport, at gate leading to house from runway.
1952 Black Worden Meter 10e g 978.483%8
Florianopolis Santa Catarina
S.A. 163

Airport, southwest corner of adminstration
tuiiding, 8 feet south of door to weather

room,

1952 Black Worden Mextcr 1Ce g $79.1360
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Formoss Minas Gerais

Airgort, northeast corner of storage shack,
120 meters socuth ¢f main building,.
1952 Black Worden Meter g 978.1185

Forteleza Ceara
S.A. 187
l. Airport terminal room, in corner between Penair
baggage counter and curico stand in waiting room,
1948 TIiarding Worden Meter 10c¢ g 978.0848%
1952 Black Worden Meter 10e g 3978.0845.

€. IFuersas haereas de Brazil, 20 yaras south of
center line of main hangar.

1982 Ploek Worden Meter 10e g 978.0£54
Forte Principe Cuapore
S.A. 192

Alrport, at concrete well for gasoline with
steel top at north end of runway,

1952 Black Worden Meter 10e g 978.3C05
Goiania Goias
S.,A, 1486

Alrport, at Jjunction of sidewalk and ramp.

1952 Black Worden Meter 10e g 978.2282

1952 Black Worden Meter 10e g 978.23282
Grajau Maranhao

c A 1T RQ
Dene AUy

Airport, at junction of ramp and road to shacks.‘
1952 Black Woarden Meter 10e g 977.987¢

Gramacho FEio de Janeiro
District Fecerel, northeast corner of east
station platform of railroad station.

1949 Harding Worden Meter 10c g 978.78¢5%
Guajara Mirim Guapore
S.A. 193
Alrport, at Cruzeiro do Sul Airlines house steps.
1952 Black Worden Meter 10e g 978.220%2
Guaratingueta Sao Paulc
S.Ah. 125

Iglesia San Antonio at base of steps under
statue of St. Marcos.
1952 Black Warden Meter 10e g 978.6372



Brazil (continued)

ignassu ralis rarana
S.A. 121

Airport,at end of hedge leading te nlane ramp
at field side,

1952 Black Worden Meter 10e g 978,9217%
Ilheus Bahia
S.A. 177

Airport, 1CO yards south of southeast correr of

hangar.

1952 Black Worden Meter 1l0e g 978.4636
Imperatiz Maranhao
S.A. 160

Lirvort, at wind sock.

1e52 Black Worden Meter 10e g 978.0226
Itu Sao Paulo
Sl LET

t statue on highway across street from "Reg-
imento Deodero."

1952 Black Worden Meter 1l0e g 978.663%3
Joao Pessoa Paraiba
S5.A., 182

Santa Rita Airfield, about halfway between
runway and wind s0c¢K-.

1949 Hariing Worden Meter 1l0c g 978.1464 %
1952 Black Worden Meter 10e g 978.1471
Lencois Sac Pauic
S.A. 132

20 feet north of nortneast corner of public
cemetery on highway on south side of turn.
1952 Black Worden Meter 10e g 978.6140

Lins Sao Faulo

S.A. 129
"Praca Municipal®" at west side, 10 feet atove
street at junction of sidewalks.

1952 BRlack Worden Meter 1Ce g 978.6084
Livramento Rio Grande do Sul
S.A, 170
Airport, at gate leading to administration
building.

1952 Black Worden Meter 10e g 979.32371
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Lucas Rio de Janiero
Southwest corner c¢f railroad station, smail
town north of Rio de Janeiro
1949 Harding Worden Meter 10c g 978.7984%

Maceio Alagoas

S.A. 181
Airport, at steps leading to overations buillding
Fuersas Aereas de Brazil, 1C yards west of

VO A Wy

l S Black worden Meter 10e g ©78.1457
Manaos Amazonas
l. Airport, at north end of cemcnt walk to terminal.
1949 Harding Worden Meter 10c g 978.0237%
2., GCruzelro do Sul Pensao, inside court entrance
onn walli by corner of house.
1949 Harding vorden Meter 10c g 978.03%4 %
Maraba Para
S.A,. 161
Airport, at radic station Fuersas Aereas de Brazil.
1952 Blazk Worden Meter 1Ce g 978.0397
Mossoro Rio Grance do Norte
S.A. 185
Alrport, 70 yards soutn of southeast corner of
hangar.
%988 Black Worden Meter 1l0e g 978.0952
Natal Rio Grande 4o Norte
S.A. 183

l. Airport terminal, north of baggage and customs
field entrance in corner of Flota Aerea Mer-
cante Argentine counter.

1949 BHarding Worden Meter 10c g 973,1180 %
£. TFuersas Aereas do DBraszil t.’Ll porev, at main
entrance of National Airmall.
1952 Black Worden Mater 1O0e g 978.1175
Paracatu Minas Gerais
S.A. 149

Alrport, northeast corner of hangar.
1952 Black Worden Meter 1C0e g 978.2€29



Brazil (continued)

Parana Goias
Ssb&. 151
Airport, at wind scck.
1952 Bleck Worden Meter 10e g 976.1732
Pedrc Alfonso Goias
Sebe 155
Airport, northeast corner of storage shack.
1952 Black Worden Meter 1lCe g 978.0983
reixe Gelas

Sihe AOE
Airport, at gate lzading to road and storage

house.

1952 Black worden Meter 1Ce g 978.2013
Penedo Alagoas
S.A. 180

Airport, 40 yzrds north of gate to administration.

building.

1952 Black Worden Meter 10e g 978.1821
Petropolis Rio de Janiero

l. Railroad station in the southwest corner of
main waiting room.
1949 Harding Worden Meter 10c g 978.5976%

2. Junction cf Teresopolis and Petropoiis roads,
in front of police hute.

1949 Harding Worden deter 10c g 978.61g3%
Pirajui Sao Paulo
S.A. 130

"Praca Priacipeal", northeast corner, 10 meters
sotth of corner on sidewalk,
1952 Black Worden Meter 10e g 978.8C80

Porto Alegre Ric Grarde do Sul
C.A. 143
l. Sao Joad Field, on runway end of brick wall to
Panagra customs shack.

1949 Harding Worden Meter 10c g 970.2116
1952 Black Worden Meter 1l0e g 279.3120

2. Municipal Airport, 20 feet west of northwest
corner of headouarters building.
1952 Black Worden Meter 10e g $79.3179
1952 Black Worden Meter 10e g 979.3179



azil {continued)

Porto Nacicnal Goias
S.A. 153
Airport, at gate of Fuersas Aereas de Brazil
gas cdump.
1952 Rlack Worden Meter 1l0e g 978.1638
Porto Seguro Bahia
S.A. 175
Airport, 20 yards west of centerline of builcding.
1952 Black Worden Mster 10e g 978.4674%
1952 Black Warden Mz2ter 10e g 978.4£86%
Pocrte Velho Guapore
S.4. 104

Airport, at concrete well for gascline with
steel cover.,

1952 Black Worden Meter 1l0e g 978.1477
Quarai Rio Grande do sut
Airport, 20 yards west of administration.
building.
1952 Black Worden Meter i0e g 979.3335
Recife Pernambuco
S.A. 136
1. Airport terminal, runway end of orient and
lattice will extending out from Ministerio
Aeronautica and Air Police entrance to terminal
from field.
19492 Harding Worden Meter 10c g 978.1787
2. Airport, at base of control tower.
1552 Black Worden Meter 10e g 978.,1711
1052 Black Worden Meter 10e g 978, } é&
1952 EBlack Worden Meter 10e g 978.1720
Resende Ric de Janeiro
uono 1&4
At junction of road south to town at northwest
corner on sidewvalk at 10 meters east of sign
"Proibido Esclecionar Zona Militar,”
1952 Black Worden Meter 10e g 978.6411%
Rio Branco Acre
S5.A. 195

Alrport, at cargo shelter.
1952 TPlack worden Meter g 978.1617
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Brazil {(continued)

Rio de Janeiro Rio de Janeiro
S.A., 120
l. Galesc Airport, at southwest corner of new
international terminai.
1982 Rleck Werden M

PR2s S w woL i,

—— -~

4+~ Ta s ~ 0 rateYal
eter 1Ce & CT78.,5000

Ze Galeao Airport, at field exit to cav stand from
baggage and customs room for incoming passengers.

1949 Harding Worden Meter 10ec g 978.7986%
1951 Bonini Worden Meter 1l0e gz 978,7983
1952 Black Worden Meter 10e g 978,7989

3. Santos Dumont Airporvt, street sntrance to term-
inal at base of sixth pillar from north side,
control tower end.

1949 Harding Worden Meter 10c g 978.8098%
1951 Borndnil Worden Meter 10e g 978.8093
1952 Black Worden Meter 10e g 978,8192

4, SGE, base eievaticn piller at northeast corner
of grounds.
1252 Black Worden Meter 1l0e g 978.8°07

5. Miramar Palace Hotel, sidewalk to left of en-
trance to hotel.
1951 Bonini Worden Meter 10e g 978.819C

6. Oboservatorio Nacional, 586 General Bruce S*%.,
Main Administration Building, in basement in
the seismograph room on the seismic pillar

floor level. Shelton Pendulum Base, ;
1949 Harding Worden Meter 10c g ©78.8(6C%
1¢5) Bonini Worden Meter 10e g $78.8(36 .

Te Hotel Riviera, to left of ground floor entrance
from beach, street level.

1949 Harding Worden Meter 1lCe g 978.8197%
195) Bonini Worden Meter 10e g 978,.8194
8, KM-0 at Kmo-Lgo do Compainho on road to Ssao
Paulo.
1949 EHarding Worden Metezr 10c g ©78.8022 ™%
Salvador Bahis
S.A. 135

l. TIpitangia Airrort, at Panair parking ramp end
of walk leading to small tuilding situated north-
east of terminal., .
1249 Harauing Worden Meter 10c g 972.,34627%
1982 Black Worden Meter 10e g 278.3467
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Brazil

Salvador (continued)

2. Airport, 30 yards south and Z0 vards east of
northwest corner of administration buildin ng
Fuersas Aereas de Prazil,

952 Black Worden Meter 10e g 978.346%
Santa Maria Rio Grande do Sul
S.A. 164
Airport, at southeast corner of control tower.
1952 Bleck Worden Meter 10e g ©79,1640
Santarczx rara

Avout four feet {rom walk in JHS church yard
across street from Pan Brazil seaplanz fuel

pier.
1949 Harding Worden Meter 10c g 978.0E79
Saomharge Rio Grand d¢ Sul
S.A. 166
Airport, 20 feet west of gate tc administration
building.
1252 Bleck Worden Meter 10e g 979.2058
Sao Mateus Eeplrive Eaute
Sy LTS

Airport, 100 yards north of southeast corner
of landing strip.

1952 Black Warden Meter 10e g 978.5734
Sao Pauio Sao Faulo
S.A. 122
1. International Airport, at Gate #16.
1952  Black Worden Meter 1l0e g 978.6521
2. Internationzl Airport, at Gate #1l. P
1952 Black Worden Meter 10e g 978.6523
1952 GEBliack worden Mcter 102 g ©878.6:523

3. International Airrport. 8 feet northeast of old
customs bullding doorway to field.
1949 Harding Worden Meter 1CGc g 978.6513¥%

4. Air Base Fuersas Aereas de Brazil, at official'ls
quarters to left cf entrance.
1952 Black Worden Meter 10e g 978.6581

5. Campo de Marte Airport, southeast corner of
Hangar #1. .
1952 Black Worden Yeter 1l0e g 978.6560

-
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Brazil (continued)

Sena Madureira Acre

S.A. 196
Airporv, on runway at ramp, 50 yards east of
west end ol runway.

1952 Black Worden Meter i0e g ©78.1603
Tarauuca Ac:re
S.A. 198 .

Airport, =t parkicg ramp, field level.

1952 Black Worden Meter 10e g 978.1438
Teffe Amazonas

On brick retaining wall zlong Amazon River by
ran Brazil seaplane tie pointe.
1949 Harding Worden Meter 10c g 978,0499¥

Teresopolis Rio de Janiero
Ralilroad Station, Just inside west entrance
under "Billetes" window.

1949 Harding Worden Meter 10c g $78.576&%
Tocantinapolis Golas
SsAs 158
Airport, at wind sock.
1952 Black Worden Meter lCe g 978.0474
Tocantlnia > Goias
C A
Lirport, at wind sock.
1952 Black Worden Meter 102 g 978,.,1183
Tres Lagoas Mato Grosso
S.A. 138
Airport, at base of Radio Tower, 100 feet souta
cf rﬂa*o shack,
1932 Black Worden Meter 1l%e g 978.5736
1952 Black Worden Meter 10e g 978.573%
Uberlandia Minas Gerais
S.A. 145
Airport, at new National Airlines building to
1eft of field entrance.
1952 Black Worden Meter 10e g 978.2973



Brazil (countinued)

Uruguaiana

SG—- ® 168
Airport, a%
field side.
1982 Black

Villa Bells

S.A. 191
Airport, 20
rUNWway o
1952 Bilack

Vitoria

S.A. 137

Airport, at
1952 Black

1252 BPBlack
Xapuri
S.A. 199
Airport, at
1952 Black
Xabantina
S.A. 148

Alrport, at
1952 Black

British Guiana

-19¢-

Rio Grande do Sul
entrance to administration building
Wurden Meter 10e g 979.3090
Matc Crossc

yards east of gas dump at end of

Worden Meter 10e g 978.3433
Espirito Santo
junction of runway and sidewalk. _
Worden Meter 10e g 978,6557
Werden Meter lUe g $ST78.6550
Acre
parking ramp at field level.
Worden Meter 10e g $78.1932

Mato Grosso

"A® frame for cargo.
Worden Meter 10e g 278.2868

Atkinson Field, on alrcraft parking ramp before
passenger entrance to termiral.

Chile

Antofegasta

Worden Meter 10z g 978.0939%

Ar.tofagasta

Airport, beside Cbment field elevation nicnumernt

UA M

A =

rav\'lr'{y\n TG, 2 “.1

three feet right of pas-

senger gate to terminal walk.

1949 Harding Worden Meter 10c g 978.8855%
1952 Black Worden Meter 10e g 978.5834
1952 Black Worden Meter 10e g 978.88%5



o

- G =

Chilie (continued)

Arics Parapacsa

S.A. 99
Airrort, 15 feet south 8f gate leading to
Panagra waiting room-at corner of fence.

1952 Black Worden Meter 10e g 978.5135

Santiago Santiago

S.A. 98

ie. Alrport, at passenger side of terminsl, 5 feet

lower than Harding's station.
1552 Black wWorden Meter 10e g 979.451L
1952 Blaack Worden Meter 10c g Q79,4813
1952 Black Worden Meter 10e g 979.4512

2, Airport terminal, in waiting room lobby by
exlt to taxi standse.
1949 Harding Worden Meter 10c g 979.4513%

3. Commander Sheiton's pendulum station in basement
of Geogrephic Miiitare.

1949 Harding Worden Meter 10c g 979.4314%
1952 Black Worden Meter 10e g 979.4304
Colombia
Alto de Minss Antioquia
S.A. 46
Refreshment stand, BM #160 CW5.
1952 Black Worden Meter 1l0e g 977.5525
Alto El Volador, Sesquile Cundinamarca
S.A. T2
North edge of salt mine, BM #4T1l,
1952 Black Werden Meter 10e g ©77.3843
Anserma Caldas
.4, 34
Parque Robledo, BM #45CWS
1952 Black Worden Meter 10e g 977.7177
Arcabuca Boyaca
S.A. 67

BM at main chur:zh.
1952 Black Worden Meter 10e g 977.4986
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Colombia (continued)

Armenia Caldas
S.A. 26
l., USC & GS Pendulum Station in the northeast
corner of Market building in the last hail,
alcng the sontheast side in a rectangular
room with a curved ccrnere.

1352 Black Worden Meter 10e g 977.7347
2, Parque Sucre, BM #134 W,
19562 Black Worden Meter 10e g 977.7228
Rarpose Santander
S.A. 65
BM #1TC4.
1952 Black Worden Meter 1l0e g 977.6929
Barranguila Atlantico
S.AO 4
l. Airport, at Gate #2e.
1952 Black wWorden Meter 1l0e g $78.2288

2. Alrport terminal, against outside wall between
doorway marked "Entrada Internacional,® on
runway side of terwinal. . -

1949 Harding Worden Meter 10c g 978.2296 %

Begota Cundiriamarca
Sié * 5
=)

L. Municipal Airport, at the centerline of tha
admirnistration building a’ the main pillar.

i952 Black Worden Meter 10e g 977.40051
1952 Black Worden Meter 10e g ©77.4002

2. Imstituto Geografico Milatar, at entrance to
southwest room where USC & &S made observatione.

1952 Black Worden Meter 1lCe g 977.4072
1952 Black Worden Meter 10e g 977.4072
1952 Biack Worden Meter 10e g 977.4071
Bogota - Girador Highway
S.A. 10
BM #32 B-W.
1952 Black Worden Meter 1l0e g 977.7572
Buenos fires Tolima
S.A. 15

BM #69 A=W
1952 Black Wcrden Meter 10e g 977.8117
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Coloutia (continued)

Cajamarca Tolima
S.A. 21
At main churech, C.1l meter higher than BM #38W.
1852 Black Worden Meter 10e g 977.640%
Caldas Antioquia
S.A. 47
In park, BM #171 Cw5,
1952 Black Worden Meter 1l0e g 977.6981
Calarca Celdas
Su.‘“.. 25
BM #127 W.
1952 Black Worden Meter 10e g 977.7134
Calii Val del Cauca

Alirport terminal, two pacess southeast of control
tower in center of main lobby.

1949 Harding Worden Meter 10c g 977.8229
1952 Biack Worden Meter 10e g S77.0228
Caramanta Antioquia
S.A. 41
At Perish Church, % meters higher than BM #97CWs,
1952 Black Worden Meter 10e g 977.5960
Cerritos Caldas
S.A., 30
BM #1CWS.
1952 Black Worden Meter 10e g 977.7817
Chicorail Tolima
S.A. 14
EM #63 A=W,
1952 Black Worden Meter 10e g 977.8539
Cinitarra Santander
S.A. 62
BM # 511C3.
1852 Black Worden Meter 1Ce g 977.9275
Circasis Caldas
S.A. 27

In garden cf main church, BM #141 W.
1952 Rlack Worden Meter 10e g ©77.6806



Coiombi@ (continued)

Cisneros . Antioguia
S.n. 59
Railroad Station, west corner of the bullding.
1952 Black Ycrden Meter 10e g 977.8209
Cristalina Antioquia
Sk, 57
Railroad Station, near warning marker,
1952 Black Worden Meter 10e g 978,0277
El Colegio Cundinamarcc
S.A. 9
BM #27 A-W.
1952 Black Worden Meter 10e g 977,7383
El Banchito Antioquia
S.A. 48
BM #178 CWS.
1952 Black Worden Meter 1l0e g 977,779
Z1 Roble Caldas
S.A. 28
At restauran®t, BM #1428 W.
1982 Black Worden Meter 108 g 9277.5794
E1l Tabor Caldas
S.A. 26
BM #63CW5.
1952 Black Worden Meter 1l0e g 977.5967
Fonda Asia Caldas
S.A. 32
At intersection of road to Viterbo, BM #24CW5.
i952 Black Worden Meter 10e g 977.8532
Fuquene Cundinamarca
C.A. T4

l. Island of Santuerio, Astro-station #16, Instituto
Geografico de Colombia, Stetion #189, observaticn
at the base c¢f pedestal, 5
1952 Black Worden Meter 10e g 977.4702

2 Isiand of Santuario on patio of main house,
1952 Black Worden Meter 10e g 977.4783
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Colcmbia (continued)

Girador Toilima
S.A. 13
l. Hotel San German, southeast corner
in room next to lavatory.
1952 Black Worden Meter 1Ce

2. BM #54 A-W

of building
g 977.8862

1952 Black Worden Meter 1l0e g 977.88662
Girardota antioquia
S.A., 52
At railroad station.
1952 Black Worden Meter 10e g 977.7704
Ibaque Tolima
S.A. 16
l. Parque de Fondador de Ibaque, BM #76 A-W.

e
1452 Blsck Worden Meter 1Ce

g 977.7337

2., 15 feet northwest of USC & GS Station ai garage

door. .
1952 Black Worden Meter 10e
Jordan Santander
S.A. 63

At the schocl, BM #81TC3.

1952 Black Worden Meter lde

La Gran Via Cundinamarca

BM #112 W.
1952 BRlack Worden Meter 10e
Las Brisas Caldsas
S.A. 40

BM #90CW5, three meters higher.

1952 Black Worden Meter 10e
la Virginia Caldas
SeAs 31

Railroad Station, BM #9CWS5.

1952 Black Worden Meter 1lOe

g 977.7258

g 977.7754

g 977.6357

g 977.3493

g 977.6014

277.8425

@
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Colombia {(continued)

Medellin Antioquia
S.A. 49
1. Olaya Herrera Airoort, BM #183 CW5S.
1952 Rlack Worden Meter 1l0e g 977.76<l

Plaza Ge Berrio, BM #1686 CW5S
1952 Rleck Worden Meter 10e g 977.7612

to
.

O

. University ot Antioquia, at Gonr 48-12 st the
main bullding at centerline of top step.

1952 Black Worden Meter 10e g 977.7584
Moniquira Santander
S.A. 66

Park in front of church.

1952 Blacxk Worden Meter 10e g 977.6794
Monitanita Caldas
S.A. 24

BM #119 W. £

1952 Black worden Meter 10e g 977.5335
Montegrande Antioquia
S.A., 44

BM #140 CWw5S. ;

1952 Black Worden Meter 10e g 977.7827
Perales Tolima
Sebie AT

Ibaque Airport, northwest corner of fence.

1952 Black Worden Meter 10e g 977.7798
Perelira Caldas
S.A, 29

l. La Pobreza church, BM #166 W.
1982 Blaek Worden Meter 10e g 977.7486
2. Matecana Airport, at control tower, BM #17C W

1952 Black Worden Meter 10e g 977.7780
Feopalito Antioquia
S.A. 53

At Railroad Station.
1952 BElack Wcrden Meter 10e g 977.7662
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colombia (continued?

Puente Boyaca Boyaca
S.A. 70

At monument, BM #35 HEI.

1952 Black Worden Meter 10e g 977.4313
Puente La Pintada  Antioguia
S.A., 43

Bridge over the Rio Csuca, BM #128 CW5.

1982 Black Worden Meter 1Ce g 977.8912
Puente Narino Zipaquira-Cundinamarca
S.h., 77

Bridge over the Rio Neusa, BM #J4-Z.

1952 Black Worden Meter 10e g 977.4057
Puente Rio San Juan Santander
S.A. 60 _

On =ast abutment on ncortheast, end of bridge.

1952 Black Worden Meter 10e g 977.9919
Puerto Aranjo Santander
S.A. 61

Rio Cerare Bridge, BM #29 TC3.

1952 Black Worden Meter 1Ce g 977.,4788
meito Berrio Antioquia
S.A. 58

Hotel Mngdelena, at entrance.

1952 Biack Worde'. Meter 10e g 978.0297
Puerto Olaya Santander
S.A, 89

At ctatue, BM #1T1C3.

1952 BRlack Worden Meter 10e g 978.0311
Q. E1 Tigre Ca jamarca
S.A. 19

BM #A89 W.

1552 Black Worden Meter 10e g 977.6831
Q. Lazaro Caldss
S.A. 33

BM #33 CWS.

1952 Blsck Worden Meter 10e g 977.8476
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Colombia (continued)

Rio Anailre ‘ Tclime
S.A. 20
BM #96 W, 0.2 meters higher.
1952 Black Worden Meter 1l0e g 977.6456
Rio Bermellon Telima
S.A., 22
BM #107 W,
1952 Black Worden Meter 10e g $77.4942
Ric Coelic Tolims
S.A. 18
BM #C 79 W,
1952 Black Worden Meisr 10e g 977.7468
Rio Sucio Caldas
S.A. 37
i1, Hotel Internaciopal., at north piliar of main
entrance,
1952 Black Worden Meter 10e g ©977.678¢
2. In park of San Sabatian Church, BM #70 CW5.
1952 Black Worden Meter 10e g 977.6772
San Clemente Caldas
Salkz 5%
At main church, BM #54 CW5. )
lgesez Blacsk Worden Meter 10e g ©977.6146
San Jose Antioquia
S.A. 56
Rallroad Station at road to the south.
1e8Z Black Worden Meter 10e g 977.9021
Santa Barpara Antioquia
S.A. 45
At main church, in south corner entrance,
10952 Black Werden Meter 10e g 977.712C
Sant.iago Anticquia
S.A. 54

Reilreozd station, et the point of the pass, at
the west mcuth of the tunel de la Quiebra.
1952 Black Wordenr Meter 10e g 977.7772
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Colombia (continued)

Soacha Tolima
S.A. 6
t center of plaza at BM #11 A-W.
1952 3Black Worden Meter 10e g 977.4066
Surpia Caldas
S.A. 39
l. Parque Bolivar, west corner at base of statue.
1282 Black Werden Meter 10e g 977.7870
2. On porch of main church, BM #80 Cw5.
+952 Black Hordv‘ Meter 10e¢ & 977.7865
Tausa Cundinamarca
S.A. 70
South corner of main bullding.
1952 Black Worden Meter 1l0e g 977.3554
Tequendcme Tolims
S 7
Hotel de Salto, BM #16& B-W.
1962 Black Worden Meter 1l0e g 9277.4427
Tocaima Tolima
S.A. 12
Railroad Station, BM #44 A-W.
1952 Black Wordsn Meter 10e g %£77.8%525
Taija Boyaca
S.A. 88 ,
l. Hotel at main entrance.
1952 Black Worden Meter 10e g 977.4179
2., Plaza Bolivar, BM #48 NEI.
1952 Black Worden .Meter 10e g 9S77.4167
Ubste Cundinamarca
S.A. T8
West corner of main church.
1952 Black Worden Meter i0e g 977.4S5S¢
Velparaisc Antioqula
S.A. 42

glesis Sta. Ans, north corner, 0.1l meter
higher than BM #lll Cwso.
1952 BRlack Worden Meter 1Ce g 977.7453
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Colombie (continued)

Velez Loc Hercedes Saniander
S.A. 64
BM #102 TC3.
1952 Black Worden Meter 10e g 977.5014
Vilia Pinzon Cundinamarcsa
S.6. 71
AL main church, BM #8 NEI,
1952 BRliack Worden.Meter 1lO0e g 977.3950
Viota
S.A. 1
BM #37 A-W.
1952 Black Worden Meter 10e g 977.81832
Zipaquira Cundinemarca
S.A, 78
A%t main chureh, 1.2 mctors lower than BM #T2.
1952 Black Worden Meter 10e g . 977.3981

Dutch Guiana (Surinam)

Paramaribo
Zandry Field, at runway end of first sidewalk
south of operations tcwer.
1949 Harding Worden Meter 10c g 978.0500%

Eeuador

Guayaaquil
S.A. 1 .
Airport terminal. north o1t Panagra operations

dcorway on north ramp to runwaye.

1949 Harding Worden Meter 10c g 978.1412%
1952 Black Worden Meter 10e g 978.1415
1952 Black Worden Meter 10e g 978,1416
Quito
C.A. 81

l. Alrport terminal, beside the north door on run-
way side of cerminal on Panagra luggage platform.
1949 Harding Worden Meter 10¢ g 977.2893%
1952 Black Worden Mcter 10e g 977.2894.

o



Ecuador (continued)

Quite (continuead)
2. O0Observatorio de Quito, Commander Shelton's

Pendnulum stoatdian in t’h- Scir-wvﬂﬂvraph Baarle o B (660
the basement of thc observatorye.
1949 Harding Worden Meter 10c¢ g 977.2808%

5. American Embassy, on left(West)} side of vestibule
of front entrance.
1949 Harding Worden Meter 1O0¢ g 977.2786%

French Gulana

Cayennse
Rochambeau Field, at parking ramp end of walk
to0 terminal from field.
1949 Harding Worden Meter 10c g 978.0413%

Paraguay

Asuncion

S.A. 84
Airport, at southeaut corner of building at
passenger enirance.

1952 Biack Worden Meter 10e g 978.9600
1952 BRlack Worden Meter 10e g 978.959¢
Peru
Casu Palcoa Lima

SO&AL < qo
Railroad station, centerline of piatform.

.952 Biack Worden Meter 10e g 977.041l6
Chicla Lima
S.A. 89
Railroad Station, 3C meters south of southwest
corner. . ]
1952 Black Worden Meter 10c g 977.1271
Chosica Lima
S.A. 85

Railrosad Siation, at northwest corner,
1952 Black Worden Meter 10e g 977.9755



FPeru (continued)

Concepcicn Junin

S.A. 25
Railroad Station, 30 meters north of the
noerth side.

1952 Black Worden Meter 10e g 977.2786
Huancayo Junim :
S.A. 96

1. 3C meters

Lo -

n Dallrcad Station.
1952 Black

+W oA
wWorden Meter 1Q0e g 977.2868

orth cf

]

2. Instituto Geofisico, Magnetic Station.
1952 Black Werden Mete~ 10e g 977.2668

Iquitos Loreto
l., Airpcrt terminal, on cement walk to taxi stand
side of woocden termincl bullding at base of
front stepse.

19249 Harding Worden Mcter 10¢ g ©78.0898
e Street level entrance e Hotel Malecon Palace,
1952 Harding Worden Meter 10¢c g 978.0869
Jauja dhainion
S.A. 94
Railroad Station, 20 meters north of the north
side.
1952 Black Worden Meter 10e g 977.241§
La Oroya Junin
S.A, 92
Reilroad Station at baggage room entrance.
1982 Black Worden Meter 10e g 977.,1387
Linma Lima
S.A. 3

l. Airport, inside tne field entrance for incoming
passengers, 20 feet north of stairway leading to
main lobby and customs.

155 Black Worden Meter 1l0e g $78,2813

195z Black Worden Meter 10e g $78.2813
£ Alrport, in terminasl directly below passerger

entrance to station from taxi stand.

1949 Harding Worden Meter 10e g 973.2829%

S5« PRaillroad Station, track level at base of steps
leading overhead to street level.
1952 ©Black . Worden Meter 10e g 978.,2828
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Peru (continued)

Matucana Lima
S.A. 87
Railroca d,Stat¢on, 30 meters west of northwest
corner of station.
1952 Black Worden Meter 10e g 977.4499
Pachacayo Junin
S.A. 93
Railroad Station, 30 meters nerth cf station.
1952 Black Worden Meter 10e g 977.21869
San Bartolome Lima
S.A. &6
Railroad qtetion, centerline of entrance.
1952 Black Worden Meter 1Ce g $77.,7240 .
Talara Filuras

Sede 2
Airport, at intersection of runway and sidewalk
to administration building.

1949 Harding Worden Meter 10e g 978.,1363%
1552 Black Worden Meter 10e g 978.,1360
1952 Bluack Woraen Meter 10e g 978,1363
Tamborague Lima
SOA. 88 ’
Railroad Station, 10 meters east of the southeast
corner,
1952 Black Worden Meter 1l0e g 977.2711
Ti¢iio Junin
S5.A. 91
Rallroad Station, at highest point of r=iliroad.
1952 Black Woruen Meter 1Ce g 976.9263
Urugvay
Montevidizo

Carrasco Field Airport, in bus parking lot in
corner betwsen covered walk and main terminal
building. .
1949 Herding Worden Meter 10c g 973.7478%
1952 Black Worden Meter 10e g 979,7478
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Venezuela

Barcelona Anzcategul
Airport, abcut 200 feet west of new terminal
building at junction of concrete parking ramp,
and btleck-top taxi ramp.

1949 Harding Worden Meter 1Cc g 978.1i53L™
baracas Federal Districti
i+ Caracas Ctservatory. -
1549 Harding worden Meter 10c g 978.C39a%
s Cartographia Nacional, Commander Shelton's
Pendulum stztion in basement. ; &
194¢ Harding Worden Meter 10¢ g 978.00G7
3. Loma Ciuintana Station No. Tl X 67, lv4b,.
194¢ Harding worden Meier 10¢ g 978,031%%

4. Majquetia Airport, Jjust inside door of outgoing
LSEEa8E OO
1945 Harding worden Meter 10e g 978,2490%

Maracaibo Zulia
Airport, about 100 yar“" west of main hangar on
nerth edge of Fan Am:ricsn taxi ramp.
1949 Harding Worden Meter 1Cc g 978.2008%

Maturin Mcnageas
Airport, in northeast corner of PAA garage
north of Customs and Operations terminal.

1949 Harding worden Meter 10c g 978.0139%
V-1 Antimano Vilranda

In city Plaza at RM #D 45 1041,

1949 Harding Worden Meter 10¢ g 978.05C0 %

V-2 Sebastopal Bridge Mirande
(Station A) souiin end against bluff.

1949 Harding Worden Meter 10e¢ g 977.9977%
V-3 Los Teques Miranda

In Plaza Bolivar at BM #13,1947.

1949 Harding Worden Meter 10c g 977.9762%
V-4 Boqueron Miranda

(Staticn B) con cement water tank at Ocampo Rcad

Junction. %
1242 Herding Worden Meter 10c¢ g 977.9914



Venezuela (continued)

V-5 Guuayas River Bridge Aragua
(Station C) upstream (west)side of bridge at
end of stezel girders,

1949 Harding Worden Mcter i0c g 978.0983%

1949 Harding worden Meter 10c g 978.0922%
V-6 Loma El Hierro (Point} Aragua

(Stationn D) on cement calvert. .

1949 Hariing Worden Meter 10c g 977.9569#%
V-7 (Station E) Aragua

2.9 miles along highway north of Station D,

just over crest of mountain. .

1949 Harding Worden Meter 1Cc g 977.934) %
V=8 (Station F) Aragua

First flat wide spot in road and just wecst of

creek,

1949 Harding Worden Meter 10ec¢ g 978.0179%
V-9 (Station G) Aragua

5C yards downhilll from house. on cemert culvert,

1949 Harding Worden Mewer 10c g 977.9947%
V-1C (Station i} ATGEGE

On flood plain by right zngle turn in palm trees

and on cement culvert.

1949 Harding Worden Meter 10c g 978.0896%
V-11 Tejerias Aragua

Plaza BM #n-€ 1942,

124% Hsrding Worden Meter 10c g 978.0847 %
V-12 Rl Consejio Aragus

Pleza BM #67, 1942,

1949 Harding Worden Meter 10c g 978,068 #
V-13 La Victoria Aragus

Flaza BM # A-68,194%2,

1949 Harding Worden Meter 10c g 978.061a#%
V-14 San Mateo Aragva

Plaza BM #A-71, 1942. )

1949 Harding Worden Meter 10c g 978.0678%
V-15 Cagua Aragua

Plaza BM #A-26, 1043,
1949 Harding Worden Meter 10c g 978.0678%
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Venezuela (cont.inued)

V-16 Guasupito Aragusa

3.9 miles south of Cagua on highway at BM #A121/J1,

1946,

1949 Harding Worden Meter 1l0e g 978.0757%
V=17 Aragua

7.5 miiles south of Cagua at BM #A-120/JL,1848,

1949 Harding Worden Meter 10c g 978.0713%
V-18 Viila de Cura Aragua

Plaza Miranda at BM #A-118/JL,194¢,

1949 Harding Worden Meter 10c g ©78.0664%
V-19 (Station I) Aragua

BEast end of bridge crossing quebrada La Guaritas,
4.8 miles from Villa de Cura. :
194¢ Harding Worden Meter 10c g 978,0861%

V-20 (Station J) Tuarico
East end of bridge over Rio Guarico, 10.8 miles

from ¥ille de Cura.
1949 Hording Worden Meter 10c & 978_0004%

V-21 La Puerta Guarico
. {Station K) about two miles north of San Juan de
los Morros.

1949 Harding Worden Meter 10ec g 978.0913%
V-22 Parapara Guarico

(Station L) on sidewalk across from telegraph

statione.

1949 Harcding Worden Meter 10c g 978.1382%
V-23 (Station M) Guarico

On north end of culvert avout 8.5 miles north

of Parapare.
1949 Harding Worden Meter 10c g 978,1156%

V-24 San Juan de los Morros Cuarico

In city Plaza at BM #G-112/JL, 1946,
1949 Harding Worden Meter 10ec g 978.0&38%
V=25 (Station N) Guaric

At east end of bridge crossing iL.io Guarilco
about 51X miles east of San Juan de los Morros.
1949 Harding Worden Meter 10¢c g 9738.0959%



Venezuela (continued)

V-26 San'Sebastian‘ A Miranda

In ~ity Plaza a2t BM #a-108 JL, 1946,

1949 Harding Worden Meter 10c g 978,1020%
V-27 (Station Q) Miranda

On north side of Dio Suato ten miles east of

San Setastian.

1949 Harding Worcden leier 10c g 9738,1071%
V-28 Pardillal Miranda

At Jjunction of San Sebastian and Camatagua roads
at BM #A-104/JL, 1946.

1949 Harding Worden Meter 10c g 978.0996%
V-29 San Casimiro Miranda

In Plaza Bolivar at BM #A-102 JT., 1946, .

1949 Harding Worden Meter 10c g 978.0C67+
V=30 Miranda

Mountain crest, aoout six miles east of San
Casimiro at BM #E-100 JL, 1946,

1949 Harding Worden Meter 10c g 978.06€4%
V=31 Miranda .

Abcut 12 miles east of San Casimiro at BM #E-90 JL,

1945,

1949 Harding Worden Meter 10¢ g 978.1]185#%
V=32 Cua Miranda _

In Plaza Bolivar at BM # E-96 JL, 1945,

1%49 Harding Worden Meter 10c g 978.,15:10T%
V=33 (Statiocn P) Miranda

At junctiousn of roads to Cua and Ccunmare del Tuy.

1949 Harding Worden Meter 10c g 978.15¢4%
V-34 Charallsave Miranda

(Station Q) under sign at north end of bridge.

1949 Harding Worden Meter 1l0¢ g 978.,1578%
V-35 {Station R) Miranda

n culvert at Intersection of El Valle road
and road to Paracotese.
1949 Harding Worden Mcter 10c g 973.0495%

3
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Venezuela (continued;
V-36 (Station S) Miranda

At southwest corner cf intersection of El1 Valle
recaed and rcad tc San Dicgo.

1949 Harding Worden Meter 10c g 977.9686.3%

1949 Harding Worden Meter 10c g 977.9627
V37 Carrizales Miranda

(Station T) in center of city rplaza.

1949 Harding Worcen Meter 10c g 977.9503%
V-38 San Diego Miranda

(Station U) at base of statue in center of plaze.
1949 Harding Worden Meter 10c g 977.94&85%
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